
          Cell J, Vol 20, No 2, Jul-Sep (Summer) 2018 177

Original Article

OX40 Gene and Serum Protein Expression Profiles in Patients 
with Parkinson’s Disease

Azadeh Seyedjoodaki, M.Sc.1, Fereshteh Alsahebfosoul, Ph.D.1, Nahid Eskandari, M.D., Ph.D.1, 2*, 
Vahid Shaygannejad, M.D.3, Mansour Salehi, Ph.D.4, Mohammad Kazemi, Ph.D.4, 

Mostafa Manian, Ph.D.5, Omid Mirmosayyeb, M.Sc.3, Mohammad Taghi Kardi, M.Sc.6

1. Department of Immunology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran
2. Applied Physiology Research Center, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

3. Department Neuroscience, School of Medicine, Isfahan University of Medical Science, Isfahan, Iran
4. Department of Genetics and Molecular Biology, School of Medicine, Isfahan University of Medical Science, 

Isfahan, Iran
5. Department of Immunology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran

6. Department of Biology, Faculty of Science, University of Isfahan, Isfahan, Iran

*Corresponding Address: P.O.Box: 8174673461, Department of Immunology, Faculty of Medicine, Isfahan University of Medical 
Sciences, Isfahan, Iran

Email: neskandari@med.mui.ac.ir
 

Received: 25/Jan/2017, Accepted: 4/May/2017
Abstract
Objective: Inflammation of the immune system and the central nervous system has been known as an important predisposing 
factor for Parkinson’s disease (PD). Increased expression of OX40 protein (CD134) is a known factor for increased inflammation 
and initiation of NF-kappa-B signaling pathway in different diseases. We aimed to investigate the expression of OX40 at the 
transcript and serum protein levels.  
Materials and Methods: Twenty individuals with PD and 20 healthy individuals, as controls, were enrolled in this case-
control study. Expression of OX40 at the transcript level and serum protein levels were measured by quantitative real-time 
polymerase chain reaction (qRT-PCR) and enzyme-linked immunosorbent assays respectively.  
Results: The mean expression level of OX40 was increased in patients but not at a significant level (P>0.05). 
Consistently, the mean serum concentration of OX40 showed a mild, but non-significant, increase in the patients 
(P>0.05).                    
Conclusion: We conclude that OX40 expression at either the transcript or protein level has no diagnostic utility in 
asymptomatic PD. This shows the need for clinical, cellular and interventional research to detect new robust biomarkers.           
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Introduction

Parkinson’s disease (PD) is the second leading 
neurodegenerative disease after Alzheimer’s disease, 
which causes symptoms such as slowness of movement 
or vibration in the hands and other limbs (1). PD 
mainly affects the central nervous system (CNS) and 
consequently the motor system. This disease generally 
begins with death and reduction of dopaminergic neurons 
in substantia nigra and progresses with the accumulation 
of Lewy bodies, comprising alpha-synuclein and 
ubiquitin (2). Tremor of hands, muscle stiffness in 
movement and slow movements during walking are 
some of the early clinical symptoms of PD. Following 
the incidence of early symptoms and the progression of 
the disease, behavioral and emotional problems become 
more apparent including dementia, depression, sleep 
problems and intellectual disability (3). 

Several studies have led to the identification of 

a number of genes implicated in PD pathogenesis 
and have therefore, to some extent, shed light on 
the pathogenic mechanisms of this disease. Alpha-
synuclein (autosomal dominant), Lewy body-positive 
PARK1 and PARKIN (autosomal recessive), juvenile 
PARK2 and Lewy body-negative are some of these 
genes (4, 5). In addition, many studies have been 
conducted at the protein level, profiling cells involved 
in PD. These studies have indicated that the expression 
rate of proteins in different molecular pathways 
including glycolysis, tricarboxylic acid, apoptotic 
pathways, and cell viability as well as cytoskeleton-
related proteins change significantly, thus being 
associated with the pathogenesis of PD (6, 7). 

The interaction effect between inflammation and 
neuron dysfunction is complicated and the causes of 
PD have not yet been elucidated. However, there is 
ample evidence for dysfunction and inflammation of 
the immune system and CNS as important predisposing 
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factors for the development of PD (8, 9). Activation of 
necroptosis pathways in neurons may cause activation 
of immune-inflammatory pathways and by producing 
neurotoxic cytokines may lead to neuronal death (10). 
Suppression of inflammation responses in innate and 
acquired immunity and changes in the expression 
rate of proteins involved in this process, as a basis 
for a highly efficient treatment, have attracted much 
attention in the recent years. 

A key gene involved in immune-inflammatory 
pathways, OX40, encodes the protein OX40 (Kd50), 
also known as CD134 and TNFRSF4 and functionally 
known as a tumor necrosis factor receptor. This 
receptor helps activate the NF-kappa-B pathway 
through binding to the adaptor proteins TRAF2 and 
TRAF5 (11). Moreover, activation of T cells, using 
CD134L-expressing cells, results in clonal expansion, 
and production and secretion of cytokines. There is 
evidence showing that OX40 plays a part in inducing 
T cell responses in autoimmune diseases, and blocking 
OX40 signaling may be considered as a treatment 
approach for many autoimmune diseases. 

The direct correlation between OX40 protein level 
in peripheral blood, and severity and progression of 
autoimmune diseases has been studied (12-14). Changes 
in OX40 protein expression has also been investigated 
in certain diseases such as atherosclerosis, rheumatoid 
arthritis, and inflammatory diseases of bowel and 
muscle (15-17). Moreover, the effect of suppressing 
the interaction between OX40 and its receptor has 
been investigated for the treatment of many diseases 
including asthma and allergy, atherosclerosis, diabetes, 
and systemic lupus erythematosus (SLE) (18-20). 

Given that the OX40 expression level in the peripheral 
blood of people with PD may provide insight into the 
immunologic mechanisms related to PD progression, 
we aimed to examine the association of OX40 
expression with PD for potential diagnosis of PD and 
to develop more effective treatment approaches.  

Materials and Methods
In this case-control study, patients with PD who were 

referred to Kashani Hospital of Isfahan volunteered to 
participate were enrolled if diagnosis of PD was confirmed 
by magnetic resonance imaging (MRI) or by a specialist 
according to the clinical symptoms including tremors 
or shaking, stiffness and muscle pain, limited and slow 
movements, pain and balance disorders (UK Parkinson’s 
Disease Society Brain Bank Clinical Diagnostic Criteria) 
(21). Before enrollment, adequate explanations were 
given to the individuals, and written informed consent 
were obtained. The demographic characteristics of 
each individual were also obtained by the means of a 
questionnaire. This study was approved by the Ethics 
Committee of the Isfahan University of Medical Sciences 
(ref: IR.MUI.REC.1395.3.173). 

The exclusion criteria for selecting healthy controls 

were suffering from any autoimmune disease, 
previous organ transplantation and suffering from 
any inflammatory disease according to the results of 
erythrocyte sedimentation rate and C-reactive protein, and 
multiple sclerosis. The number of patients and controls 
were set according to a study analyzing the expression 
rate of OX40 (22) and according to the sample calculation 
formula by assuming 20%  overexpression in patients, 
95% confidence interval (CI) and 80% power, a total of 
20 individuals were analyzed in each group. The groups 
were matched by demographic characteristics (i.e. age 
and sex). 

A total of 5 ml venous blood was taken from 
each individual by observing safety and health 
recommendations, of which 2 ml was collected in EDTA-
containing tubes to extract RNA. The other 3 ml of blood 
was kept in a distinct tube without any anti-coagulant for 
serum analysis.
 
ELISA

The blood samples collected for serum analysis were 
centrifuged at 4000 rpm for 6 minutes to isolate the 
serum. One hundred microliter of the serum sample 
was poured into a separate tube and stored in a freezer 
at -20˚C. To measure the level of serum OX40, human 
sCD134 (OX40) Platinum ELISA-eBioscience was 
used and standard curve was drawn using the derived 
values based on data from the ELISA reader (Hiperion, 
Germany). Optical density (OD) at 450 nm wavelength 
was recorded in the samples of the two groups. The 
mean OD was 0.061 and 0.057 nm in the patient and 
control groups respectively.  

 OX40 gene expression
Total RNA was extracted using the YTA Total 

Purification mini kit for blood (Qiagen, China) according 
to the standard protocol. cDNA was synthesized with the 
Revertaid First cDNA synthesis kit (Fermentase, United 
States). 
Primers specific to OX40 and GAPDH, a housekeeping 
gene as the internal control, were designed using the 
Allele ID software and BLAST (NCBI online server). 
The details of the primers were:

OX40-
F: 5´TGGTGTAACCTCAGAAGTG3´
R: 5´GTCAACTCCAGGCTTGTA3´
GAPDH-
F: 5´CTCCCGCTTCGCTCTCTG3´
R: 5´TCCGTTGACTCCGACCTTC3ˊ

In each qPCR reaction, run on a Rotor-gene 6000 
(Corbett Life Science, Australia), a 10 µl mixture 
consisting of 6.25 ml SYBR Green Master Mix 
(Applied Biosystems, UK), 0.5 ml (5 pmol) of each 
primer, 1.75 ml nuclease free water and 1 ml (5 ng) 
genomic DNA. The reactions of each cDNA sample 
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were simultaneously conducted in triplicate for each 
pair of genes and the mean Ct was calculated for 
each gene. The cycling conditions were an initial 
denaturation at 95˚C for 5 minutes, followed by 40 
cycles of 95˚C for 15 seconds, 60˚C for 20 seconds, 
and 72˚C for 25 seconds. 

To investigate the outcome of amplification reactions 
of both genes, standard dilutions (50-3.13 ng/microL) 
of cDNA of each gene were prepared. After qPCR, 
the standard curve was drawn for each PCR fragment. 
PCR efficiency was calculated by determining the 
slope of the standard curve and using the formula 
efficiency=[10-1/slope]. Relative expression was calculated 
according to Schmittgen and Livak (23). 

To ensure that RNA concentration is equal in different 
reactions, GAPDH was used as internal control. For 
each sample, real-time PCR was conducted for OX40 
and GAPDH in triplicate under similar conditions, and 
a sample without cDNA considered negative control. 
For all reactions, melting curves were analyzed to 
ensure the specificity of the PCR product of interest.

Statistical analysis
In this study, statistical analyses were performed 

using the Statistical Package for the Social Sciences 
(SPSS, IBM corporation) software version 19. The 
Shapiro-Wilk test was used to investigate normality 
of the data. The data were then analyzed by a non-
parametric test, i.e. the Mann-Whitney U test. For all 
comparisons, P<0.05 was considered as statistically 
significant.

 Results

Patients
The patient group consisted of fifteen males and five 

females. The mean age of the patient group was 67 (range 
of 46-88) years. Demographic characteristics of the of 
the two groups of patients and controls, and baseline 
characteristics, based on the PD Questionnaire-39 have 
listed below (Tables 1, 2). The distribution of age and 
gender in the two groups was not significantly different 
(P>0.05).

Table 1: Distribution of demographic characteristics in both study 
groups

P valueSexP valueMean ± SDGroup

FemaleMale

Age (Y)

0.6425150.80569.05 ± 9.43  Control

51569.80 ±  9.66  Patient

Table 2: The baseline characteristics of patients

Characteristics of patients Mean ± SD
n=18 

 Age of onset (Y)  65.78 ± 11.72

 Disease duration  4.11 ± 3.36

 PDQ-39

    D1  55.28 ± 30.29

    D2  41.20 ± 27.37

    D3  42.13 ± 33.15

    D4  47.57 ± 43.73

    D5  19.21 ± 10.31

    D6  37.50 ± 27.87

    D7  36.57 ± 33.60

    D8  60.64 ± 23.88

    Total (PDSI)  42.51 ± 20.43

 Family history,  n (%)

   Yes  5 (27.8)

   No  13 (72.2)

PDQ; Parkinson’s Disease Questionnaire, PDSI; Parkinson’s disease 
symptom inventory, and D; Discrete scale.

ELISA
According to the standard curve and OD of the studied 

samples, OX40 concentration of the participants was 
calculated. The mean serum concentration of OX40 
protein was 13.65 pg/ml in the patients and 10.67 pg/ml 
in the controls. Given that this variable was not normally 
distributed in the two groups (P<0.05), the Mann-Whitney 
U test was used to compare the independent groups. 
Although the mean concentration was higher in the patient 
group, the difference was not significant (P=0.144, Fig.1).

Fig.1: The mean serum concentration of OX40 in the patient and control 
groups. 
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Real-time polymerase chain reaction
Quantity and quality of extracted RNA

Concentration of RNA at the 260 nm and 280 nm 
wavelengths was calculated and its ratio (260/280) was 
between 1.8 to 2. The quality of RNA extracted was 
examined by agaroz gel electrophoresis.

 OX40 expression analysis
As shown in Figure 2, the mean relative expression of 

OX40 was 4.89 and 4.23 in the patient and control groups. 
Because the studied variable was not normally distributed in 
the two groups (P<0.05), the Mann-Whitney U test of two 
independent samples was used. Although OX40 expression 
was increased in the patient group, the difference was not 
statistically significant (P=0.433, Fig.2). 

Fig.2: The relative expression of OX40 in peripheral blood of the patient 
and control groups. 

 The relationship of OX40 transcript and protein
expression levels with gender

We observed no significant difference in OX40 transcript 
and protein expression between men and women of the 
patient group (P>0.05). Gender-specific expression values 
are listed below (Table 3).

Table 3: Comparison of OX40 transcript and protein expression between 
males and females in the patient group

Mean ± SD
n=15

P value

OX40 Gene

   Male 5.33 ± 1.91 0.434

   Female 2.49 ± 2.01

Concentration of OX40 protein

    Male 14.73 ± 2.90  0.435

    Female 10.42 ± 3.06

 The relationship of OX40 transcript and protein
expression levels with age.

Results showed no correlation between age and OX40 
expression (P=0.506, r=0.158). Similarly, no correlation 
was found at the protein level (P=0.229, r=0.282).

 Correlation between transcript and protein levels of
OX40

We observed a significant correlation between the 
transcript and protein levels of OX40 expression (P=0.001, 
r=0.888, Fig.3).

Fig.3. Scatter plot of patients based on their OX40 expression at the 
transcript (y-axis) and protein (x-axis) levels. Expression at the two levels 
were significantly correlated (P=0.001).

Discussion
PD is a common disease of CNS and the motor system 

with underlying genetic, epigenetic, and environmental 
factors. Monogenic disorders and mutations in certain 
genes such as LRRK2, PINK1 and PARKIN may cause 
PD with different levels of penetrance depending on 
the genotype of the individual (24). However, there 
are other genes that may cause dopaminergic neuron 
damage due to certain changes such as fighting oxidative 
stress, apolipoprotein E  (APOE), glucocerebrosidase, 
monoamine oxidase and microtubule-associated protein 
tao  (MAPT), and therefore increase predisposition to 
develop PD (25).

In recent years, the role of other proteins in 
increasing predisposition to PD has been investigated, 
including genes involved in inflammatory processes 
and mechanisms of acquired and innate immunity. 
For instance, the association between inflammation of 
peripheral neuritis and nerve damage in patients with 
PD has been reported based on clinical evidence. Su and 
Federoff (26) demonstrated that systemic inflammation in 
PD patients included increased serum levels of TNF-α and 
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its receptor as well as interlukin-6 (IL-6) compared with 
the controls. CD134 (OX40 protein) is a tumor necrosis 
factor receptor family. Its ligand, OX40L (CD134L), is a 
member of the TNF family and is expressed on activated 
T cells, B cells, dendritic cells, macrophages, endothelial 
cells and microglia. The OX40-OX40L interaction plays 
a key role in function and viability of activated T cells and 
production of T memory cells (27, 28). 

We observed no significant change in OX40 expression 
at either the transcript or protein level. However, it 
is necessary to conduct comprehensive genetic and 
epigenetic studies to explain the genetic factors in complex 
diseases such as PD. Different genetic risk factors for PD 
have been investigated. Few of the genetic factors are 
transferred in a monogenic Mendelian fashion such as the 
autosomal dominant mutations in genes encoding alpha-
synuclein (SNCA), Leucine-rich repeat kinase 2, and 
VPS35, and autosomal recessive mutations in PINK1/
PARKIN/DJ-1, glucocerebrosidase, PLA2G6, FBX07 
and ATP13A2 (29). In addition, the role of defective 
mitochondrial function in PD due to mutations in the 
nuclear and mitochondrial genomes has been frequently 
investigated (30).

Medical knowledge about the genetic predisposition to 
certain diseases such as PD has grown remarkably in the 
recent decades. In fact, detecting clinical characteristics 
of monogenic types of PD has resulted in identifying 
defective pathways in its pathogenesis including 
defective mitochondrial function, new signaling pathways 
and protein metabolism. In contrast, study of large 
populations indicates that variants with lower risk have 
a 30% contribution to heritability of PD sporadic types 
due to high frequency. The remaining contribution to PD 
heritability depends on genes with more balanced risk 
and more recent mechanisms such as somatic mutations 
and epigenetic effects (31). It is, however, not still 
possible to predict the incidence of this disease in people, 
which represents the genetic complexity of this disease. 
Accordingly, the expression rate of a single gene and the 
serum level of its protein could not influenced by of the 
interactions.

 We suggest that the lack of association in this study may 
be due to sample size or blood cells may not be a suitable 
representative for the CNS. In contrast to the present 
study, some studies indicate increased OX40 protein and 
its ligand on T cells surface helps launch inflammatory 
pathways of necrosis and apoptosis (28). Understanding 
the exact etiology of a disease depends on the careful 
study of its phenotype. 

PD is diagnosed with clinical conditions, including 
asymmetrical movements, slow movements, and the 
response to dopamine therapy. Given the differences 
that are manifested in the PD phenotype spectrum, the 
genotype-phenotype correlation is highly complex. 
Except a few cases of monogenic Mendelian inheritance 
patterns, polygenic predisposition to PD is likely to be 
the genetic basis of most patients and has thus been much 

frequently investigated (32). For instance, Mendelian 
inheritance is not observed in patient generations (33) and 
even identical twins show disconcordance (34, 35). 

Moreover, epigenetic factors can be effective on the 
expression profile of the genes as well as incidence of 
different phenotypes. Information on epigenetic factors 
is still limited but studies on this area will probably help 
explain how certain diseases such as PD are inherited. 
Epigenetics make it possible to control certain processes 
such as methylation, phosphorylation, acetylation, and 
production of gene expression-regulating microRNAs 
in the presence of a specific stimulus. For example, 
according to recent studies, methylation in substantia 
nigra in people with sporadic PD can decrease SNCA 
expression (36, 37). In addition, the expression patterns of 
different microRNAs can lead to defective mitochondrial 
function in people with PD (38). 

It is therefore likely that in the patient group analyzed 
here, the interactions among various genes as well as 
different environmental and epigenetic factors may have 
led to change in the expression profile of the studied gene. 
It can therefore be argued that the expression of a specific 
gene that is hypothetically associated with the incidence 
of a disease may be influenced by different regulatory 
pathways and environmental conditions as well as the 
expression of other genes.  

Conclusion
We conclude that given the lack of significant expression 

change of OX40 in blood samples of PD patients, 
measuring the expression of this gene in blood is unlikely 
to be a biomarker for PD diagnosis. Additional clinical, 
cellular and interventional studies are therefore needed to 
assess its expression directly in the CNS and also develop 
novel biomarkers.

Acknowledgments
The authors thank the Office of the Vice President of 

Research of the Isfahan University of Medical Sciences 
(Research Proposal Number: 395173) to pay for the research 
and are grateful of the patients and healthy subjects for their 
blood donation. There is no conflict of interest.

Author’s Contributions
N.E., V.S., M.S.; Contributed to conception and design. 

M.K., M.M., O.M., M.T.K., A.S., F.A.; Contributed to 
all experimental work, data and statistical analysis, and 
interpretation of data. M.T.K.; Were responsible for 
overall supervision. A.S.; Drafted the manuscript, which 
was revised by F.A. All authors read and approved the 
final manuscript.

References
1.	 Klein C, Schlossmacher MG. The genetics of parkinson disease: 

implications for neurological care. Nat clin pract Neurol. 2006; 2(3): 
136-146.

2.	 Mosley RL, Hutter-Saunders JA, Stone DK, Gendelman HE. In-



Cell J, Vol 20, No 2, Jul-Sep (Summer) 2018 182

Seyedjoodaki et al.

flammation and adaptive immunity in parkinson’s disease. Cold 
Spring Harb Perspect Med. 2012; 2(1): a009381.

3.	 Jankovic J. Parkinson’s disease: clinical features and diagnosis. J 
Neurol Neurosurg Psychiatry. 2008; 79(4): 368-376.

4.	 Kitada T, Asakawa S, Hattori N, Matsumine H, Yamamura Y, Mi-
noshima S, et al. Mutations in the parkin gene cause autosomal re-
cessive juvenile parkinsonism. Nature. 1998; 392(6676): 605-608.

5.	 Polymeropoulos MH, Lavedan C, Leroy E, Ide SE, Dehejia A, Dutra 
A, et al. Mutation in the alpha-synuclein gene identified in families 
with Parkinson’s disease. Science. 1997; 276(5321): 2045-2047.

6.	 Jami MS, Pal R, Hoedt E, Neubert TA, Larsen JP, Møller SG. Pro-
teome analysis reveals roles of L-DOPA in response to oxidative 
stress in neurons. BMC Neurosci. 2014; 15: 93.

7.	 Jami MS, Salehi-Najafabadi Z, Ahmadinejad F, Hoedt E, 
Chaleshtori MH, Ghatrehsamani M, et al. Edaravone leads to pro-
teome changes indicative of neuronal cell protection in response to 
oxidative stress. Neurochem Int. 2015; 90: 134-141.

8.	 McGeer PL, Itagaki S, Boyes BE, McGeer EG. Reactive microglia 
are positive for HLA-DR in the substantia nigra of parkinson’s and 
alzheimer’s disease brains. Neurology. 1988; 38(8): 1285-1291.

9.	 Kosloski LM, Ha DM, Hutter JA, Stone DK, Pichler MR, Reynolds 
AD, et al. Adaptive immune regulation of glial homeostasis as an 
immunization strategy for neurodegenerative diseases. J Neuro-
chem. 2010; 114(5): 1261-1276.

10.	 Kannarkat GT, Boss JM, Tansey MG. The role of innate and adap-
tive immunity in Parkinson’s disease. J Parkinsons Dis. 2013; 3(4): 
493-514.

11.	 Kawamata S, Hori T, Imura A, Takaori-Kondo A, Uchiyama T. Ac-
tivation of OX40 signal transduction pathways leads to tumor ne-
crosis factor receptor-associated factor (TRAF) 2-and TRAF5-me-
diated NF-κB activation. J Biol Chem. 1998; 273(10): 5808-5814.

12.	 Murata K, Nose M, Ndhlovu LC, Sato T, Sugamura K, Ishii N. Con-
stitutive OX40/OX40 ligand interaction induces autoimmune-like 
diseases.  J Immunol. 2002; 169(8): 4628-4636.

13.	 Croft M. Control of immunity by the TNFR-related molecule OX40 
(CD134). Annu Rev Immunol. 2010; 28: 57-78.

14.	 Webb GJ, Hirschfield GM, Lane PJ. OX40, OX40L and autoim-
munity: a comprehensive review. Clin Rev Allergy Immunol. 2016; 
50(3): 312-332.

15.	 Olofsson PS, Söderström LÅ, Wågsäter D, Sheikine Y, Ocaya P, 
Lang F, et al. CD137 is expressed in human atherosclerosis and 
promotes development of plaque inflammation in hypercholester-
olemic mice. Circulation. 2008; 117(10): 1292-1301.

16.	 Yoshioka T, Nakajima A, Akiba H, Ishiwata T, Asano G, Yoshino S, 
et al. Contribution of OX40/OX40 ligand interaction to the patho-
genesis of rheumatoid arthritis. Eur J Immunol. 2000; 30(10): 2815-
2823.

17.	 Souza HS, Elia CC, Spencer J, MacDonald TT. Expression of lym-
phocyte-endothelial receptor-ligand pairs, α4β7/MAdCAM-1 and 
OX40/OX40 ligand in the colon and jejunum of patients with inflam-
matory bowel disease. Gut. 1999; 45(6): 856-863.

18.	 Xiaoyan Z, Pirskanen R, Malmstrom V, Lefvert AK. Expression 
of OX40 (CD134) on CD4+ T-cells from patients with myasthenia 
gravis. Clin Exp Immunol. 2006; 143(1): 110-116.

19.	 Pohl M, Kawakami N, Kitic M, Bauer J, Martins R, Fischer MT, et al. 
T cell-activation in neuromyelitis optica lesions plays a role in their 
formation. Acta Neuropathol Commun. 2013; 1: 85.

20.	 Wu Q, Tang Y, Hu X, Wang Q, Lei W, Zhou L, et al. Regulation of 

Th1/Th2 balance through OX40/OX40L signalling by glycyrrhizic 
acid in a murine model of asthma. Respirology. 2016; 21(1): 102-
111.

21.	 Daniel SE, Lees AJ. Parkinson’s disease society brain bank, Lon-
don: overview and research. J Neural Transm Suppl. 1992; 39: 
165-172.

22.	 Carboni S, Aboul-Enein F, Waltzinger C, Killeen N, Lassmann H, 
Peña-Rossi C. CD134 plays a crucial role in the pathogenesis of 
EAE and is upregulated in the CNS of patients with multiple sclero-
sis. J Neuroimmunol. 2003; 145(1): 1-11.

23.	 Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the 
comparative CT method. Nat Protoc. 2008; 3(6): 1101-1108.

24.	 Gilks WP, Abou-Sleiman PM, Gandhi S, Jain S, Singleton A, Lees 
AJ, et al. A common LRRK2 mutation in idiopathic parkinson’s dis-
ease. Lancet. 2005; 365(9457): 415-416.

25.	 Maraganore DM, De Andrade M, Lesnick TG, Strain KJ, Farrer MJ, 
Rocca WA, et al. High-resolution whole-genome association study 
of Parkinson disease. Am J Hum Genet. 2005; 77(5): 685-693.

26.	 Su X, Federoff HJ. Immune responses in parkinson’s disease: in-
terplay between central and peripheral immune systems. Biomed 
Res Int. 2014; 2014: 275178.

27.	 Croft M. The role of TNF superfamily members in T-cell function 
and diseases. Nat Rev Immunol. 2009; 9(4): 271-285.

28.	 Croft M, So T, Duan W, Soroosh P. The significance of OX40 and 
OX40L to T-cell biology and immune disease. Immunol Rev. 2009; 
229(1): 173-191.

29.	 de Silva HR, Khan NL, Wood NW. The genetics of Parkinson’s dis-
ease. Curr Opin Genet Dev. 2000; 10(3): 292-298.

30.	 Schapira AH. Mitochondria in the aetiology and pathogenesis of 
parkinson’s disease.  Lancet Neurol. 2008; 7(1): 97-109.

31.	 Proukakis C, Shoaee M, Morris J, Brier T, Kara E, Sheerin UM, et 
al. Analysis of Parkinson’s disease brain–derived DNA for alpha-
synuclein coding somatic mutations. Mov Disord. 2014; 29(8): 
1060-1064.

32.	 Farrer M,  Wavrant-De Vrieze F, Crook R, Boles L, Perez-Tur J, 
Hardy J, et al. Low frequency of α-synuclein mutations in familial 
Parkinson’s disease. Ann Neurol. 1998; 43(3): 394-397.

33.	 Marder K, Tang MX, Mejia H, Alfaro B, Cote L, Louis E, et al. Risk 
of Parkinson’s disease among first-degree relatives a community-
based study. Neurology. 1996; 47(1): 155-160.

34.	 Payami H, Larsen K, Bernard S, Nutt J. Increased risk of parkin-
son’s disease in parents and siblings of patients. Ann Neurol. 1994; 
36(4): 659-661.

35.	 Ward CD, Duvoisin RC, Ince SE, Nutt JD, Eldridge R, Calne DB. 
Parkinson’s disease in 65 pairs of twins and in a set of quadruplets. 
Neurology. 1983; 33(7): 815-824.

36.	 Lill CM, Roehr JT, McQueen MB, Kavvoura FK, Bagade S, Schjei-
de BM, et al. Comprehensive research synopsis and systematic 
meta-analyses in Parkinson’s disease genetics: the PDGene data-
base. PLoS Genet. 2012; 8(3): e1002548.

37.	 Matsumoto L, Takuma H, Tamaoka A, Kurisaki H, Date H, Tsuji S, 
et al. CpG demethylation enhances alpha-synuclein expression 
and affects the pathogenesis of Parkinson’s disease. PLoS One. 
2010; 5(11): e15522.

38.	 Margis R, Margis R, Rieder CR. Identification of blood micro-
RNAs associated to parkinsońs disease. J Biotechnol. 2011; 
152(3): 96-101. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wavrant-De Vrieze F%5BAuthor%5D&cauthor=true&cauthor_uid=9506559

	OLE_LINK39
	OLE_LINK40
	OLE_LINK56
	OLE_LINK57
	OLE_LINK50
	OLE_LINK53
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	OLE_LINK8
	OLE_LINK5
	OLE_LINK6
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	OLE_LINK12
	OLE_LINK42
	OLE_LINK49
	OLE_LINK45
	OLE_LINK46
	OLE_LINK47
	OLE_LINK48
	OLE_LINK37
	OLE_LINK38
	OLE_LINK54
	OLE_LINK55
	OLE_LINK21
	OLE_LINK22
	OLE_LINK58
	OLE_LINK59
	OLE_LINK60
	OLE_LINK61
	OLE_LINK64
	OLE_LINK65
	OLE_LINK62
	OLE_LINK63
	OLE_LINK36
	OLE_LINK41
	OLE_LINK17
	OLE_LINK16
	OLE_LINK43
	OLE_LINK44
	OLE_LINK23
	OLE_LINK28
	OLE_LINK27
	OLE_LINK14
	OLE_LINK13
	OLE_LINK15
	_GoBack
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	Display
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK33
	OLE_LINK35
	OLE_LINK36
	OLE_LINK37
	OLE_LINK38
	OLE_LINK40
	OLE_LINK9
	OLE_LINK10
	OLE_LINK1
	OLE_LINK34
	OLE_LINK39
	OLE_LINK12
	OLE_LINK17
	OLE_LINK4
	OLE_LINK5
	OLE_LINK2
	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK11
	OLE_LINK13
	_GoBack
	OLE_LINK1
	_GoBack
	OLE_LINK83
	OLE_LINK82
	_GoBack
	_ENREF_9
	_ENREF_20
	_ENREF_28
	_GoBack

