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BACKGROUND  
 
Biomarkers, the measurable indicators of biological or pathogenic processes, once validated, play a critical 
role in the monitoring of disease progression and response to treatment. Most relevant, they accelerate 
the discovery and development of new drugs.  
A body of evidence indicates that inflammation associated with cerebral and peripheral expression of 
inflammatory genes, brain infiltration of immune cells and altered composition/phenotype of peripheral 
immune cells are major pathogenic factors in the onset and progression of Parkinson’s disease (PD). 
Indeed, PD patients show a significant increase in the effector/memory T cells, associated with reduction of 
regulatory T cell function that positively correlates with disease severity, in spite of a general decrease of 
naïve T cells (Saunders et al., J Neuroimmune Pharm 2012). This suggests that chronic immune stimulation, 
notably effector/memory T cell activation and Treg dysfunction, may be linked to the chronic 
neuroinflammatory state in PD (Kannarkat et al., J Parkinsons Dis 2013). A common factor candidate to join 
neurodegeneration to immune dysregulation in PD is the deficit of NF-kB/c-Rel activity. NF-kB/c-Rel 
promotes neuroprotection in CNS through transcription of specific anti-apoptotic genes, such as MnSOD 
and BcL-XL. Of note, mice deficient for the c-Rel subunit develop an aging-related and L-DOPA-responsive 
parkinsonism, associated with a neuropathology including dopamine (DA) neuron loss in the substantia 
nigra, neuroinflammation and accumulation of alpha-synuclein (AS) and iron (Baiguera et al., Brain 2012). 
What’s more, it is likely that deficient c-Rel function in immune cells may contribute to chronic 
neuroinflammatory condition in PD. Indeed, besides regulating Th1 response, c-Rel acts as a pioneer 
transcription factor in driving Foxp3 transcription in the control of differentiation of Fopxp3+ Treg cells 
(Deenick EK et al., Eur J Immunol 2010) which maintain the immune tolerance by suppressing activity of 
autoreactive T lymphocytes.  
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Peripheral Blood Mononuclear Cells (PBMCs) are the cellular component of blood deprived of platelets, red 
blood cells and polymorphonucleated cells. PBMCs are proposed to represent a cellular model of disease-
related changes in PD brain since these cells express dopamine transporter (DAT), tyrosine hydroxylase, and 
ubiquitin-proteasome activity modulating AS levels (Caronti et al., J Neural Transm 2001; Kim et al., FASEB J 
2004; Fuchs et al., FASEB J 2008; Martins-Branco et al., Exp Neurol 2012). Hence, the measurement of 
specific proteins in PBMCs could provide a non-invasive and effective tool to single out novel molecular 
signatures serving as peripheral PD biomarkers. It could be especially useful to improve the accuracy of 
clinical diagnosis of PD in the early clinical stages and assess the efficacy of therapy.  
Our working hypothesis is that a decrease in c-Rel activity and changes of key synaptic proteins in PBMC 
may be a feature of PD and constitute a novel molecular signature for PD. The specific aim of the project is 
to define novel molecular signatures of PD and peripheral disease biomarkers by the analysis of the PBMCs 
of PD patients during and before the therapy, and in comparison with patients affected by other 
neurological conditions, by undertaking a multitask proteomic screening based on the parallel analysis of 
NF-kB/c-Rel and RelA, AS and DAT. 
 
METHODS 

 

Isolation of blood mononuclear cells (PBMC) from blood samples 

PBMC were isolated from the venous blood of PD patients and matched healthy subjects of both sexes and 

between 50 and 84 years of age, recruited at the Neurology Divisions of the University of Brescia and IRCCS 

San Camillo in Venice. PBMCs represent the cellular component of blood deprived of platelets, red blood 

cells and polymorphonucleated cells. They are made up of approximately 60%-70% lymphocytes and the 

remaining 30-40% are monocytes. 

The PBMC preparation was done on ACCUSPIN System-HISTOPAQUE-1077(polysaccharose and sodium 

diatrizoate, density 1.077 ± 0.001 g/ml; Sigma Aldrich, St. Louis, MO, United States of America), according 

to the following procedures.  

ACCUSPIN System-HISTOPAQUE-1077 employs 50 mL polypropylene centrifuge tubes specially designed 

with two chambers separated by a porous high-density polyethylene barrier. The lower chamber contains 

15 mL of HISTOPAQUE-1077 which allows the addition of anticoagulated whole blood without risk of mixing 

with the separation medium. 

The ACCUSPIN System- HISTOPAQUE-1077 and phosphate buffer (PBS) solutions (NaCl 8g/l; KCl 0.2 g/l; 

Na2HPO4•2H2O 1.44 g/l; KH2PO4 0.24 g/l; pH 7.4) were adjusted to room temperature. Ten ml of blood 

were collected from the subjects into vacutainer tubes containing EDTA as an anticoagulant. All the 

collected blood was combined in a single 50-ml Falcon tube and centrifuged at 1200 x g (about 2000 rpm) 

for 10 minutes at room temperature. The blood cell pellet was adjusted to a volume of 20 ml with PBS. The 

diluted blood was layered onto the porous high-density polyethylene barrier over the HISTOPAQUE-1077 

layer in each Falcon tube, and then centrifuged at 800 x g for 15 minutes without breaks. The PBMC ring 

that separates above the barrier was collected and transferred into another 50-ml Falcon tube. The volume 

was adjusted to 40 ml with PBS, followed by centrifugation at 250 x g for 10 minutes. The supernatant was 

discarded and the cell pellet was resuspended. The volume was adjusted to 25 ml with PBS. This was again 

centrifuged at 400x g for 7 minutes, the supernatant was discarded and the pellet was resuspended for cell 

counting with the Burker chamber. PBMCs thus obtained were pelleted again by centrifuging at 250 x g for 

5 min and stored at -80°C until analysis. 

 

Extraction of total proteins from PBMC  

The PBMC total proteins were prepared according to the following procedures. The pellet from 10 ml of 

whole blood was resuspended in 100 µl of cold Lysis buffer consisting of 50 mM Tris-HCl (pH 7.6), 150 mM 
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NaCl, 1 mM Na3VO4, 10 mM NaF, 2 mM EDTA, 0.5% NP40, 1 mM PMSF and 1x protease inhibitor cocktail 

(Sigma Aldrich) and transferred into new 1.5-ml tubes, keeping them on ice. The PBMCs were lysed by 

sonication: two 5-second rounds, each at a power of 35 W, for each sample. This was then centrifuged at 

15000 x g for 20 minutes at 4°C. The supernatant was collected in other eppendorf tubes, the proteins were 

weighed out and aliquots were prepared, and stored at –20°C.  

 

DNA-based ELISA analysis of c-Rel activity (Enzyme Linked ImmunoSorbent Assay) 

The binding ability of the c-Rel subunit, within a NF-kB dimer, to a consensus DNA sequence 

(oligonucleotide) for the kB site, naturally occurring on human DNA, was measured through an ELISA test, 

by using the Trans-NF-KB kit (Active Motif, Carlsbad, CA, United States of America). 

The preparation of the protein extracts was performed according to the instructions for sample preparation 

provided by the firm producing the kit. The reagents and procedures used were included in the kit for 

assaying the c-Rel factor, with the exception of the anti-c-Rel antibody which was substituted in our 

procedure by the primary anti-c-Rel antibody (N) (# sc – 70, Santa Cruz Biotechnology). 

The total extracts obtained from human PBMCs (80µg) were measured out in 96-well plates containing the 

kB oligonucleotide immobilized at a high density. In parallel , we were dosed also increasing amounts ( 1-80 

ng ) of a c- Rel peptide, containing 1-300 amino acids of the N-terminal sequence of the transcription factor 

(Santa Cruz Biotechnology). The peptide comprises the DNA binding and dimerization sequences of the 

transcription factor. 

The active form of the c-Rel subunit, bound to the target DNA sequence, was detected by using the Santa 

Cruz Biotechnology primary anti-c-Rel antibody (1:1500) and then the secondary HRP-conjugated antibody 

(1:1000) provided by the kit. The developing solution was added for 10 minutes and the absorbance of the 

sample was read with a spectrophotometer at a wavelength of 450 nm.  

The data obtained are expressed as ng of c- Rel on ug of total protein, calculated by the standard curve with 

c-rel peptide. 

 

Co-immunoprecipitation (co-iP) and Western Blot (WB) Analyses. 

For co-immunoprecipitation studies, sixty µg of total protein lysates from PBMC were incubated at 4°C 

overnight with 2 µg/ml of goat polyclonal anti-RelA antibody (sc-372G, Santa Cruz Biotechnology). For 

immunoblot analyses, total protein lysates from PBMC (30 μg proteins/sample) and co-immunoprecipitated 

proteins were suspended in the sample loading buffer (62.5 mM Tris–HCl, 1% SDS, 5% 2-mercaptoethanol, 

10% glycerol, and 0.02% bromophenolblue, pH 7.5), resolved by 4–12% SDS/polyacrylamide gel, and 

proteins were transferred electrophoretically onto nitrocellulose membrane. Membranes were incubated 

overnight at 4°C with the primary antibodies: rabbit polyclonal anti-Acetyl-RelA (Lys310) (1:500, Abcam), 

rabbit polyclonal anti-c-Rel (1:100, Santa Cruz Biotechnology), rabbit polyclonal anti-DAT (1:100, Santa Cruz 

Biotechnology),  mouse monoclonal anti- α-synuclein (211) (1:250, Santa Cruz Biotechnology) and mouse 

anti-GAPDH (1:1000, Merck Millipore). The immunoreaction was revealed by 1-h incubation at 37°C with 

secondary antibodies coupled to alkaline phosphatase (1:2500; Santa Cruz Biotechnology) and 

chemiluminescence detection using AP Chemiluminescent Substrate (Life Technologies). Quantification of 

immunoblots was performed by densitometric scanning of exposed films using GelPro Analyzer software 

(Media Cybernetics).  
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RESULTS 

 

In this project we first isolated PBMC from the venous blood of 105 patients and 38 matched 

healthy subjects of both sexes and between 44 and 86 years of age, recruited at the Neurology 

Divisions of the University of Brescia. The patients cohort included 90 subjects with Parkinson's 

disease and 15 with atypical parkinsonism, such as dementia with Lewy bodies (LBD) , multiple 

system atrophy (MSA), progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD). 

 

We first analyzed the c-Rel activity in PBMCs from 34 idiopathic PD patients and 26 age-matched healthy 

control. The activity of the c-Rel factor was measured as the ability of the protein present in the PBMC 

protein extract to bind the oligonucleotide probe containing the kB sequence, immobilized onto the 

bottom of the ELISA kit cuvette. The c-Rel protein was then identified among the proteins bound to the 

oligonucleotide probe by a specific anti-human c-Rel antibody. The amount of binding of c-Rel to the kB 

probe reflects the amount of NF-kB/c-Rel dimers that are found in the cells in the free form at the time of 

the preparation of the sample. Those dimers, once released from the NF-kB-IkB complex, during the 

activation process of the factor itself, are ready to translocate from the cytoplasm to the nucleus in order to 

bind to the kB sites of the DNA. 

In order to obtain a precise quantification of c-rel linked to the kB sequence, we introduced in the ELISA 

assay a standard curve with different concentration of a c-Rel peptide. In particular, we used a c- Rel 

peptide containing DNA binding and dimerization sequences of the transcription factor, corresponding to 1-

300 amino acids of the N-terminal sequence of the protein. The absorbance values obtained from the assay 

were interpolated onto the standard curve and the data of c-Rel activation in PBMCs of PD and control 

subjects were expressed as ng of active c-Rel compared to ug of total protein. 

The analysis carried out in PD patients undergoing dopaminergic therapy and age matched controls 

revealed a significant correlation (Mann-Whitney U test for independent samples) between the decrease in 

c-Rel activity and the disease (Fig. 1). The data showed the presence of two subgroups among the PD 

patients, one carrying very low level of c-Rel activity and the second displaying near normal c-Rel activity. 

These results confirmed previous data preliminarily included in an Italian Patent Application on the 

measurement of c-Rel activity in PBMC as a peripheral biomarker of PD (Patent application N. 

TO2014A000039, 22/01/2014) by the University of Brescia. 
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Fig. 1. Evaluation of c-Rel activation in PBMC by DNA-binding ELISA.   

DNA-based ELISA analysis showed a significant reduction of c-Rel activity in PBMC protein extract of PD patients as evaluated by 

Mann-Whitney U test for independent samples (P= 0.0425 vs control group). Data were expressed as ng of c- Rel on ug of total 

protein. 

 

In order to understand if the decrease in c-Rel activity in PBMC may be a feature of PD and constitute a 

novel molecular signature for PD, PBMC analysis were expanded on different cases of atypical 

parkinsonism, like other synucleinopathies (LBD and MSA) , or tauopathies (CBD and PSP). 

In this very preliminary study, we analyzed 11 patients of atypical parkinsonism and we detected c-Rel 

activity values similar to the control group (Fig.2). These data a possible specificity of c-rel activity as a 

specific marker of PD for disease diagnosis These data could suggest that  c - Rel activity deficit in PBMC 

may be a potential specific hallmark of the Parkinson’s disease 

 

 

 
Fig. 2. Evaluation of c-Rel activation in PBMC by DNA-binding ELISA.   

DNA-based ELISA analysis didn’t show any significant difference of c-Rel activity in PBMC protein extract of patients affected by 

atypical parkinsonism, if compared by group (A) as well as if subdivided in single pathologies (B). Data were expressed as ng of c- 

Rel on ug of total protein. 

 

We then checked, by analyzing medical records, in collaboration with the Neurology Divisions of the 

University of Brescia, if there was a correlation between the level of c-Rel activity and the symptoms of PD 

patients belonged to the two different subgroup. 
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We found that 70% of patients with low level of c-Rel activity displayed autonomic dysfunction, while 

subjects with high level of the transcription factor activity didn’t show any difference in distribution of 

these symptoms. Constipation was the most diffuse autonomic dysfunction in our group of patients. 
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In this study, we also analyzed the expression level of c-Rel protein in PBMCs extracts from selected cases 

of  PD patients and age-matched healthy subjects. Preliminary results from western blot assay showed no 

significant difference in the level of c-Rel factor between the two group analyzed, indicating that the 

decrease of c-Rel activity could not due to the decrease of c-Rel protein content in PBMC extracts (Fig. 4). 

 

 
 

Fig. 4. Evaluation of c-Rel level by Western Blot analyses in selected control and PD cases. Preliminary results showed no 

reduction of c-Rel expression in PBMC protein extracts of PD patients(C), as illustrated by representative WB images (B). c-Rel 

protein expression seem to not correlate with c-Rel activity levels, reported in panel A. Data from densitometric analysis of 

immunoblot bands were expressed as a percentage of the control value.  

 

We further analyzed the level of protein involved in PD physiopathologiy as possible peripheral biomarkers 

in PBMC protein extracts.  

We checked the levels of non-glycosylated form of DAT and AS by western blot analyses in the same 

selected cases of  PD patients and age-matched healthy subjects evaluated for c-Rel protein expression (Fig. 

5 e 6). In these samples we didn’t show any significant increase in DAT and AS expression, but an increase 

in the number of patients is required. 
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Fig. 5. Evaluation of DAT level by Western Blot analyses in selected control and PD cases. Preliminary results showed no 

significant increase of non-glycosylated form of DAT expression in PBMC protein extracts of PD patients(C), as illustrated by 

representative WB images (B). DAT protein expression seem to not correlate with c-Rel activity levels, reported in panel A. Data 

from densitometric analysis of immunoblot bands were expressed as a percentage of the control value. 

 

 
Fig. 5. Evaluation of AS level by Western Blot analyses in selected control and PD cases. Preliminary results showed no significant 

increase of AS expression in PBMC protein extracts of PD patients(C), as illustrated by representative WB images (B). AS protein 

expression seem to not correlate with c-Rel activity levels, reported in panel A. Data from densitometric analysis of immunoblot 

bands were expressed as a percentage of the control value. 
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FUTURE WORK PLANS AND PERSPECTIVE 

 

In this study, we checked the levels of c-rel activity in a larger number of PD patients and healthy subjects. 

We confirmed the reduction of this transcription factor activity in PBMC of PD patients. 

In parallel, no significant change in this parameter was found in PBMC from people affected by atypical 

parkinsonism compared to control subjects. These preliminary data suggest that c-Rel activity analyses 

could be considered as a potential biomarker for the differential diagnosis between PD and other 

parkinsonism. However, PBMC analysis have to be expanded to a larger number of PD and atypical 

subjects. 

Western blot analyses did not revealed any difference in c-Rel protein expression between control and PD 

subject. Future analysis of c-Rel post-translational modifications, such as phosphorylation and O-GlcNAc (O-

linked N-acetyl-glucosamine) modification, could be important for understanding the reasons of decreased 

activity of this transcription factor in PD patients.  

These preliminary results on AS and  DAT need to be confirmed in a larger number of samples from control 

subjects and PD patients  

These results could provide information on whether changes in c-Rel factor and synaptic proteins represent 

a novel molecular signature of PD, when compared to other different extrapyramidal conditions, with or 

without synucleopathy, and serve as markers for disease diagnosis and efficacy assessment of 

pharmacological therapies. 
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