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Abstract
Background. The extracellular actin scavenging system (EASS) is composed of plasma Gc-globulin and 
gelsolin, and is responsible for the elimination of toxic actin from the bloodstream.

Objectives. In this study, we assessed the actin-free Gc-globulin concentrations in blood plasma and cere-
brospinal fluid (CSF) obtained from subjects with neurodegenerative and inflammatory diseases of the central 
nervous system (CNS) as well as in a control group.

Material and methods. Using an enzyme-linked immunosorbent assay (ELISA), we measured the actin-
free Gc-globulin concentrations in blood plasma and CSF obtained from subjects diagnosed with Alzheimer’s 
disease (AD) (n = 20), amyotrophic lateral sclerosis (ALS) (n = 12), multiple sclerosis (MS) (n = 42), tick-borne 
encephalitis (TBE) (n = 12), and from a control group (n = 20).

Results. The concentrations of free Gc-globulin in plasma collected from patients diagnosed with AD 
(509.6 ±87.6 mg/L) and ALS (455.5 ±99.8 mg/L) did not differ significantly between each other, but 
were significantly higher compared to the reference group (311.7 ±87.5 mg/L) (p < 0.001 and p < 0.006, 
respectively) as well as  to MS (310.8 ±66.6 mg/L) (p < 0.001 and p < 0.001, respectively) and TBE 
(256.7 ±76 mg/L) (p < 0.001 and p < 0.003, respectively). In CSF collected from patients diagnosed with 
AD and ALS, the concentrations of free Gc-globulin were 2.6 ±1.1 mg/L and 2.7 ±1.9 mg/L, respectively. 
They did not differ significantly between each other and were significantly higher compared to the reference 
group (1.5 ±0.9 mg/L) (p < 0.005 and p < 0.041, respectively). Interestingly, in patients with AD, significantly 
higher values of Gc-globulin were detected compared to MS patients (1.7 ±0.9 mg/L) (p < 0.013).

Conclusions. Higher concentrations of free Gc-globulin in blood plasma and CSF collected from patients 
suffering from neurodegenerative diseases may indicate a potential role of this protein in their pathogenesis, 
and represent a potential tool for the diagnosis of CNS diseases.
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Introduction

Gc-globulin (vitamin D binding protein) is  a  multi-
functional, monomeric glycoprotein belonging to the α2-
globulin fraction. This peptide is  composed of  458 
amino acids with 3 domains and has a molecular weight  
of 51–58 kDa. Gc-globulin is mainly produced by the liver, 
but it is also found in the kidneys, lungs, heart, spleen, and 
brain, as well as in several body fluids, including blood 
plasma, saliva, semen, breast milk, and cerebrospinal fluid 
(CSF).1 The serum concentration of free Gc-globulin (ac-
tin-free Gc-globulin) ranges between 92 and 332 mg/L.2 
The laboratory standard for the Gc-globulin concentration 
in CSF has not been established.

The primary function of Gc-globulin is  the removal 
of actin. Circulating G-actin, released from injured tis-
sues, polymerizes and forms F-actin filaments promoting 
certain disorders, including disseminated intravascular 
coagulation (DIC).1,2 F-actin filaments are depolymerized 
by gelsolin releasing G-actin monomers, which are subse-
quently bound to Gc-globulin. The G-actin-gelsolin and 
G-actin-Gc-globulin complexes are primarily removed 
from the circulation by mononuclear phagocytes.3,4 Low 
concentrations of  Gc-globulin correspond to  a  poor 
prognostic outlook in acute liver failure, multiple organ 
dysfunction syndrome and sepsis.5,6 Gc-globulin is also 
involved in the transport of vitamin D with its metabo-
lites, fatty acids and endotoxins, functions in the activation 
of osteoclasts and macrophages, and serves as a chemotac-
tic cue for leukocytes.1,2,7

Cerebrospinal fluid  provides valuable information about 
biochemical changes in the central nervous system (CNS); 
the examination of CSF is an important tool in the diag-
nosis of CNS diseases.8 Pathological CNS processes are 
reflected in the protein composition of CSF. Information 
on the concentration of free Gc-globulin in the blood and 
CSF of patients with neurodegenerative diseases is limited.

The aim of the current study was to measure and com-
pare the concentration of free Gc-globulin in the serum 

and CSF of patients with: 1. neurodegenerative diseases, in-
cluding Alzheimer’s disease (AD) and amyotrophic lateral 
sclerosis (ALS); 2. diseases associated with inflammatory 
and neurodegenerative etiopathogenesis, such as multiple 
sclerosis (MS); 3. infectious inflammatory disease, e.g., tick 
born encephalitis (TBE); 4. and in a control group consist-
ing of patients suffering from conditions which do not 
alter the standard parameters of CSF, such as idiopathic 
headache and idiopathic facial nerve palsy.

Material and methods

Patients and the preparation of samples 

Blood and CSF samples were obtained from patients 
admitted to the Department of Neurology and the De-
partment of  Infectious Diseases and Neuroinfections 
of The Medical University of Białystok Clinical Hospital, 
Poland. The study was approved by the Medical University 
of Bialystok Ethics Committee for Research on Humans 
and Animals (R-I-002/382/2012) and written consent was 
obtained from all subjects. All individuals underwent lum-
bar puncture for diagnostic purposes. The clinical char-
acteristics of patients are shown in Table 1.

The diagnosis of AD was based on the criteria of the Na-
tional Institute of Neurologic, Communicative Disorders 
and Stroke/Alzheimer’s Disease and Related Disorders As-
sociation (NINCDS-ADRDA).9,10 All patients had memory 
loss and  impaired cognitive function lasting more than 
6 months validated using psychological tests and biochem-
ical assessment (Table 2).

The  relapsing-remitting MS diagnosis was based 
on the McDonald criteria.11 The degree of disability of MS 
patients was assessed using the Expanded Disability Sta-
tus Scale (EDSS), with a mean score of 1.5 ±0.6 indicat-
ing the early stage of disease.12 All patients underwent 
head magnetic resonance imaging (MRI) examination, 
which demonstrated multiple disseminated demyelinating 

Table 1. Patient clinical characteristics

Clinical characteristics of patients CSF

diagnosis number of patients 
(women) age [years] EDSS Q Alb total protein  

[μg/mL]
lymphocytes  
(0–5 cells/µL)

AD 20 (13) 69.9 ±10.4 – 5.7 ±1.3 38.3 ±17.2 1.25 ±1.0

ALS 12 (9) 57.5 ±10.3 – 6.1 ±2.3 39.7 ±15.3 2.2 ±2.3

MS* 42 (25) 35.5 ±10.5 1.5 ±0.5 6.3 ±1.5 375 ±125 3.8 ±2.1

TBE 12 (3) 53.1 ±24.3 – 12.4 ±1.2** 882 ±157** 110 ±15.6**

Reference group (n = 20)

Idiopathic headache 13 (11) 40.2 ±20.4 – 6.5 ±1.3 409 ±155 3.0 ±2.1

Idiopathic facial 
nerve palsy 

7 (5) 48.4 ±15.3 – 7.5 ±0.6 357 ±179 5.1 ±2.1

CFS – cerebrospinal fluid; AD – Alzheimer’s disease; ALS – amyotrophic lateral sclerosis; MS – multiple sclerosis; TBE – tick-borne encephalitis;  
Q Alb – coefficient of albumin; EDSS – Expanded Disability Status Scale; * all patients with MS in CSF presented oligoclonal bands of IgG (type 2 or 3);  
** incorrect values. 
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plaques. None of the patients were treated with cortico-
steroids or  immunomodulating drugs (beta-interferon, 
glatiramer acetate, natalizumab).

The clinically definite ALS was diagnosed using the Air-
lie House/El Escorial Revisited World Federation of Neu-
rology criteria.13,14 All patients with ALS showed features 
of damage to upper and lower motor neurons as confirmed 
by electromyography (EMG) examination. None of the pa-
tients were treated with riluzol.

The diagnosis of TBE was confirmed by the detection 
of antibodies against the TBE virus in serum and CSF 
by enzyme-linked immunosorbent assay (ELISA) tests 
(Virion-Serion Kit; SERION® Immunologics, Würzburg, 
Germany). All patients with TBE received symptomatic 
treatment with no corticosteroids.

The reference group consisted of patients with idiopathic 
headache and idiopathic facial nerve palsy (Bell’s palsy), 
with no active inflammatory process. None of the patients 
with idiopathic facial nerve palsy were immunocompro-
mised or had herpes simplex virus 1 antibodies in blood 
as measured by ELISA (ELISA kit; Genzyme Virotech 
GmbH, Rüsselsheim, Germany).

The samples of anticoagulated blood were centrifuged and 
the collected plasma was frozen at −80°C. After collection, 
CSF underwent a standard examination. The CSF samples 
were then centrifuged (2000 × g, 20 min) and the superna-
tants were subjected to total protein analysis and frozen 
at −80°C. CSF analysis included physical properties, cytosis, 
the total protein concentration and Q Alb ratio (Q Alb = al-
bumin in CSF [mg] / serum albumin [g] × 1000) indicating 
the efficiency of the blood-CSF barrier. In patients with 
clinically probable AD, we assessed the average concentra-
tion of Aβ1-42, Aβ1-40, the Aβ1-42/Aβ1-40 ratio and the 
average concentration of Tau and phosphorylated Tau (pTau) 
protein using the ELISA INNOTEST® kits (Innogenetics 
GmbH, Hannover, Germany) and ELISA Kits (IBL Inter-
national GmbH, Hamburg, Germany). The average values 
of Aβ1-42, Aβ1-40, the Aβ1-42/Aβ1-40 ratio, Tau, and pTau 
were typical for patients with AD (Table 2).

The Gc-globulin actin-free ELISA Kit from BioPorto 
Diagnostics (Hellerup, Denmark) was used to assess free 
Gc-globulin.

Statistical analysis

The results were analyzed statistically using the Kruskal-
Wallis test followed by post hoc analysis with the Dwass-
Steel-Critchlow-Fligner test. A p-value <0.05 was consid-
ered statistically significant.

Results

Our results show significantly higher concentrations 
of free Gc-globulin in the serum and CSF of patients with 
neurodegenerative diseases compared to either the refer-
ence group or patients with inflammatory disease. The con-
centration of free Gc-globulin in the serum of patients with 
AD (509.6 ±87.6 mg/L) or ALS (455.5 ±99.8 mg/L) did not 
differ significantly; however, in both groups, these con-
centrations were significantly higher than in the refer-
ence group (311.7 ±87.5 mg/L) (p < 0.001 and p < 0.006, 
respectively). This is in agreement with previous studies 
demonstrating that the concentrations of free Gc-globulin 
in the serum of patients suffering from neurodegenerative 
diseases were greater than the values reported for healthy 
subjects.2 Furthermore, the concentration of free Gc-glob-
ulin in the serum of patients with AD or ALS was also 
higher than in subjects with inflammatory diseases, such 
as TBE (256.7 ±76 mg/L) (p < 0.001 and p < 0.003, respec-
tively) and MS (310.8 ±66.6 mg/L) (p < 0.001 and p < 0.001, 
respectively) (Fig. 1).

The standard parameters for CSF evaluation were rep-
resentative of  the  studied diseases (AD, ALS) and are 
presented in Table 1. The concentration of free Gc-glob-
ulin in CSF displayed trends similar to those observed 

Table 2. Biomarkers of neurodegeneration in patients with Alzheimer’s disease

Aβ1-42
(cut-off = 590 pg/mL)

Tau
(cut-off = 300 pg/mL)

pTau
(cut-off = 50 pg/mL)

Ratio Aβ1-42/Aβ1-40
(cut-off = 0.030)

466.45 ±296.65 353.35 ±176.13 55.2 ±21.67 0.0251 ±0.014

Aβ1-40 – β-amyloid containing 40 amino acids; Aβ1-42 – β-amyloid containing 42 amino acids; Tau – Tau protein; pTau – excessively phosphorylated Tau protein.

Figure 1 
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Fig. 1. Comparison of the free Gc-globulin concentration in blood plasma

* p < 0.006; ** p < 0.001 compared to the reference group; ^ p < 0.003;  
^^ p < 0.001 compared to patients with tick-borne encephalitis;  
° p < 0.001 compared to patients with multiple sclerosis; AD – Alzheimer’s 
disease; ALS – amyotrophic lateral sclerosis; MS – multiple sclerosis;  
TBE – tick-borne encephalitis; the Kruskal-Wallis test with post hoc  
Dwass-Steele-Critchlow-Fligner test.
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for serum. The concentration of free Gc-globulin in pa-
tients with AD (2.6 ±1.1 mg/L) and ALS (2.7 ±1.9 mg/L) 
did not differ significantly between each other, but were 
significantly higher compared to  the  reference group 
(1.5 ±0.9 mg/L) (p < 0.005 and p < 0.041, respectively). 
The average concentrations of free Gc-globulin in the CSF 
of MS (1.7 ±0.9 mg/L) and TBE (1.8 ±1.2 mg/L) patients 
were not significantly different than in the case of the ref-
erence group. However, there was observed a significant 
difference between the concentrations of free Gc-globulin 
in the CSF of patients with AD and MS (p < 0.013) (Fig. 2).

Discussion

There are few reports concerning the concentration and 
function of free Gc-globulin in the pathogenesis of neuro-
degenerative diseases. Our earlier studies indicate that there 
are no significant differences between the Gc-globulin con-
centrations in the plasma and CSF of MS patients compared 
to control subjects.4 In a previous study on patients with 
dementive diseases, including AD, Parkinson’s disease and 
Pick’s disease, the Gc-globulin concentration was higher 
compared to  patients with head trauma, autoimmune 
or cerebrovascular disorders.15 Furthermore, Zhang et al., 
using a multiplex analysis of CSF proteins, demonstrated 
a  statistically significant increase in  the  concentration 
of free Gc-globulin in the CSF of patients with AD and Par-
kinson’s disease compared to a group of healthy controls.16

Increased levels of Gc-globulin in the serum and CSF 
of patients with AD and ALS may be associated with neu-
rodegeneration in the CNS. The breakdown of neurons has 
been described for both AD and ALS. In AD, this process 

primarily occurs in the cerebral cortex/hippocampus and 
for ALS – in the upper and lower motor neurons. Actin 
released from damaged tissue is removed from blood and 
purportedly from CSF through the extracellular actin 
scavenging system (EASS).17–20 It is likely that the chronic 
nature of neurodegenerative disease initiates a compensa-
tory increase in the hepatic and intrathecal synthesis of Gc-
globulin as a response to elevated levels of actin. In our 
patients with AD and ALS, the high concentration of free 
Gc-globulin in CSF may be due to the increased neuro-
nal synthesis, because the patients were at an early stage 
of the disease and there was no disruption of the blood-
CSF barrier, as indicated by Q Alb (Table 1).

Alternatively, the increased concentration of free Gc-
globulin observed in both the serum and CSF of patients 
suffering from neurodegenerative diseases may indicate 
impaired G-actin binding. G-actin is released from F-actin 
filaments through the severing activity of gelsolin. Pre-
vious studies report reduced gelsolin expression in both 
the choroid plexus and CSF from AD patients.21 Effectively, 
the dysfunction of the EASS may switch on compensa-
tory mechanisms, including increased Gc-globulin ex-
pression. Moreover, gelsolin is a Ca2+/phosphatidylinositol 
4,5-bisphosphate (PIP2)-regulated protein. Its PIP2 binding 
domain interacts with several acidic lipid signaling mol-
ecules, including PIP2, lysophosphatidic acid (LPA), lipo-
teichoic acid (LTA), lipopolysaccharide (LPS), sphingosine 
1-phosphate (S1P), and its synthetic structural analogue 
fingolimod (FTY720P).22–25 When complexed with bio-
active lipids, gelsolin loses the ability to bind and sever 
actin filaments as well as alters the ability of the lipids 
to function as cell agonists. In AD, inflammatory pro-
cesses such as activation of microglia and astrocytes as well 
as the production of inflammatory cytokines occur within 
and around amyloid plaques.26 Alterations to the sphin-
golipids profile are linked to the pathogenesis of AD, and 
fingolimod seems to be a promising therapeutic agent re-
ducing the accumulation of amyloid β.27–30 Taken together, 
this data suggests that, during the course of the neuro-
degenenerative process, the association of gelsolin with 
bioactive sphingolipids leads to a reduction in  its abil-
ity to depolymerize F-actin and to prevent the release  
of G-actin monomers. As a consequence, elevated levels 
of unbound, free Gc-globulin may be observed.

Neurodegeneration also plays an  important role 
in the pathogenesis of MS, but inflammatory processes 
dominate the early stages of disease.31–35 All the patients 
included in this study were in the early stage of the dis-
ease (EDSS of 1.5 ±0.5); diagnostic lumbar puncture con-
firmed this diagnosis. Therefore, the results obtained from 
these patients and from patients with TBE, a representa-
tive disease of infectious inflammatory etiology, are very 
similar. In inflammatory processes, lower concentrations 
of free Gc-globulin in serum and CSF may result from 
the fact that inflammation proceeds more rapidly com-
pared to neurodegeneration.36 It is possible that the rapid 

Fig. 2. Comparison of the free Gc-globulin in cerebrospinal fluid (CSF)

* p < 0.041; ** p < 0.005 compared to the reference group; ° p < 0.013 
compared to patients with multiple sclerosis; AD – Alzheimer’s disease; 
ALS – amyotrophic lateral sclerosis; MS – multiple sclerosis; TBE – tick-
borne encephalitis; the Kruskal-Wallis test with post hoc Dwass-Steele-
Critchlow-Fligner test.
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inflammatory process causes excessive cell destruction, 
causing high Gc-globulin consumption and insufficient 
activation of compensatory pathways.

In addition to actin scavenging, Gc-globulin plays a cru-
cial role in vitamin D metabolism.1,2 In recent years, vita-
min D has attracted much attention, and there is growing 
evidence that beyond its physiologic effects on calcium/
phosphorus homeostasis, low vitamin D status is asso-
ciated with several diseases, including cancer, diabetes 
mellitus, rheumatoid arthritis, and other autoimmune 
conditions.37,38 Recently, vitamin D deficiency has been 
shown to be a risk factor for dementia and AD.39 However, 
it seems rather unlikely that altered levels of vitamin D 
affect the concentrations of Gc-globulin. In physiological 
conditions, only 5% of total plasma Gc-globulin is occupied 
by vitamin D and the plasma clearance of Gc-globulin does 
not appear to be altered by vitamin D binding.1,2

In conclusion, the results of our preliminary studies sug-
gest that significantly higher concentrations of free Gc-
globulin in serum and CSF in neurodegenerative diseases 
may result from their pathogenesis. Since neurodegenera-
tion begins much earlier than the appearance of clinical 
signs, determining the concentration of certain proteins 
involved in its pathogenesis, such as Gc-globulin, may be 
important in the early diagnosis of CNS disease.
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