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Abstract
NURR1 is a transcription factor essential for the development, survival, and functional maintenance
of midbrain dopaminergic (DAergic) neurons and NURR1 is a potential susceptibility gene for
Parkinson’s disease (PD). To determine whether NURR1 gene expression is altered in patients with
PD we measured its expression in human peripheral blood lymphocytes (PBL) in 278 patients with
PD, 166 healthy controls (HC), and 256 neurological disease controls (NDC) by quantitative real-
time PCR. NURR1 gene expression was significantly decreased in patients with PD (particularly
those with family history of PD) as compared with HC (p < 0.01) and also as compared with NDC
(p < 0.05). There was no significant difference in NURR1 gene expression among PD patients with
or without anti-PD medications. When adjusted for gender, age, and ethnicity, lower levels of
NURR1 gene expression were associated with significantly increased risk for PD in women, in
patients 60 years old or older, and in patients of Caucasian origin. The observed reduction in PBL
NURR1 gene expression indicates possible systemic involvement in PD, and the finding may help
identify individuals with PD and other disorders associated with impaired central DAergic system.
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1. Introduction
Parkinson's disease (PD) is a common neurodegenerative disease in adults, characterized by
the presence of rigidity, tremor, bradykinesia, and postural instability. The loss of dopaminergic
(DAergic) neurons in the substantia nigra pars compacta (SNc), the pathological hallmark of
PD, leads to marked depletion of striatal dopamine (DA) [1]. The clinical features are often
subtle at onset, and it often takes several years before the disease becomes fully manifested
[2]. Because of the inherent difficulty in studying PD pathogenic mechanisms in the central
nervous system (CNS) in vivo, research interests have, therefore, focused on other means of
early diagnosis, including quantitative assays of cerebrospinal fluid proteomics, serum or
plasma metabolomics, and gene expression profile in peripheral blood lymphocytes (PBL) in
an attempt to identify potential peripheral biomarkers of the disease [3–12]. For example, α-
synuclein levels in cerebrospinal fluid were found to decrease with aging and are significantly
reduced in patients with PD [8]. Uric acid levels in serum were negatively correlated with the
risk of PD and the progression of the illness [7,9,11]. Using high performance liquid
chromatography coupled with electrochemical coulometric array detection to search for plasma
biomarkers from metabolomic profiling, Bogdanov et al [12] found a complete separation of
25 controls from 66 PD and a significant reduction of uric acid and elevation of glutathione in
the plasma of PD patients. Validation of these findings, however, is needed with assays to run
in a “blinded” fashion, using a larger number of PD and healthy controls (HC), and comparing
PD patients with various neurological disease controls (NDC).

Several studies have used PBL to measure specific changes in DA components, enzyme
activities, DA receptors and DA transporters in patients with PD [3,4,5,13,14]. In addition to
the abnormalities in these peripheral markers, a significant increase in caspase-3 activity [15]
and a significant decrease in mitochondrial complex I activity [16] has been found in PBL of
patients with PD. Furthermore, a systematic scan of genome-wide expression in PBL of PD
patients and HC identified cochaperone protein ST13 as a potential molecular marker of early
PD [10]. Based on these and other data, it has been proposed that PBL represents a useful
reservoir for detecting changes possibly indicative of disease-related pathogenesis occurring
in the brains of patients with PD.

NURR1, a member of the steroid/thyroid nuclear superfamily is essential for the development,
survival, and functional maintenance of midbrain DAergic neurons [17–19]. It is highly
expressed in midbrain DAergic neurons [20] as well as other tissues, including PBL [21]. We
previously showed that NURR1-null mice have selective agenesis of DAergic neurons in the
SN and ventral tegmental area [22]. We have also demonstrated that aged heterozygous
NURR1-null mice (NURR1−/−) have fewer DAergic neurons in the SN [23] and reduced
expression of NURR1 increased the vulnerability of mesencephalic DAergic neurons to N-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced injury [24]. Furthermore, our
genetic studies and other reports in patients with PD have indicated that NURR1 might be a
potential susceptibility gene for PD [25–29].

To explore the relevance of peripheral NURR1 gene expression in PD, we conducted a pilot
study using PBL collected from 113 PD patients and 42 HC and found a significant reduction
in NURR1 mRNA levels in PD patients vs HC (p < 0.001) [30]. To validate this finding we
designed another study, using quantitative measurements of NURR1 mRNA in a double-blind
manner and in a larger population of PD patients, HC, and various NDC. The aims of this study
were to determine (1) whether NURR1 gene expression in PBL is specifically reduced in PD
as compared with HC and NDC; (2) whether the NURR1 expression can be used to help identify
PD, and (3) whether age, gender, anti-PD medications, or disease severity affects the expression
of NURR1.
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2. Subjects and methods
2.1. Subjects

We collected a total of 700 PBL samples: 278 from patients with PD (sporadic PD 178; familial
PD 100), 166 from HC (138 from spouse of patients with PD, 15 from the spouse of patients
with other neurological diseases, and rest of them from the people working at the Department
of Neurology, BCM), and 256 from various non-PD NDC which consist of 53 non-movement
neurological disorders (14 cerebrovascular disease, 11 Alzheimer disease (AD), 9 multiple
sclerosis, 8 seizure, 6 migraine, and 5 peripheral neuropathy), and 203 movement disorder
controls, 120 essential tremor (ET), 41 restless leg syndrome (RLS), 21 parkinsonism
syndromes including progressive supranuclear palsy, multiple system atrophy, and cortical
basal degeneration, and 21 primary or secondary dystonia. Blood samples were collected at
the Parkinson’s Disease Center and Movement Disorders Clinic (PDCMDC), Baylor College
of Medicine (BCM). The diagnosis of PD was made by one of the authors (JJ) or his colleagues,
and was based on established diagnostic criteria [2,31], and their disease severity was assessed
by the Unified Parkinson’s Disease Rating Scale (UPDRS) [32]. Patients with non-PD
neurological diseases were evaluated by the members of the Department of Neurology, BCM.
All subjects or their legally authorized caregivers signed a written consent, approved by the
Institutional Review Board for Human Subject Research for BCM and Affiliated Hospitals.

2.2. Materials and Procedures
Human peripheral blood (10 ml) was drawn from cubital vein into a heparinized plastic syringe.
The clinic nurse coded the samples in a blind fashion and delivered them to a research
technician who performed the PBL separation using Ficoll/Paque (Pharmacia LKB) method
no later than 2 hours after drawing. The resulting pellet was frozen immediately at −80°C until
RNA preparation.

Total RNA was extracted from PBL by spin or vacuum total RNA isolation system (Promega
Corporation, Madison, WI, USA). One microgram of total RNA from PBL was reverse
transcribed into first-strand cDNA by using iScript™ cDNA synthesis kit (Bio-Rad). The
cDNA was then assigned in a new code and sent to a research associate in a blind fashion to
perform the quantitative measurement of NURR1 gene expression.

2.3. Real-time PCR assay of NURR1 gene expression against internal control GAPDH
The fluorescent real-time PCR reaction was carried out in the Bio-Rad iCycler System (Bio-
Rad) with a final volume of 25 µl for each reaction containing with the specific primers
targeting human NURR1 (forward: 5’-TCCAACGAGGGGCTGTGCG-3’; reverse: 5’-
CACTGTGCGCT TAAAGAAGC-3’) and human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, forward: 5’-GAAGGTGAAGGTCGGAGTC-3’, reverse: 5’-
GAAGATGGTGATGGGATTTC-3’). Human GAPDH gene was used as internal control.
After 95°C for 3 min, the experimental reaction consists of 40 cycles of 95°C for 15 sec, 59.5°
C for 60 sec, the PCR products were detected by the fluorescent probe 5′6-FAM
CGGCCTGCCAACACTACGGCGT BHQ-1 3′ (Biosearch Technologies, CA, IDT Inc.) for
NURR1 and 5’Texas red CAAGCTTCCCGTTC TCAGCCBHQ-2 3’, (Biosearch
Technologies, CA) for GAPDH. The value of threshold cycle (Ct) was generated at every cycle
during a run. Fluorescent reading from real-time PCR reaction was quantitatively analyzed by
determining the difference of Ct (delta Ct) between Ct of NURR1 and GAPDH, and the
NURR1 gene expression was determined by the formation of 2−delta Ct.
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2.4. Statistical analysis
After completion of the assays the data was analyzed by an independent statistician (Dr.
Maosheng Huang, Department of Epidemiology, M.D. Anderson Cancer Center, Houston,
TX). All statistical analysis was performed with the Stata 8.0 Statistical Software Package
(Stata Corporation, College Station, TX). The X2 test was used to test for differences between
the PD patients and the control subjects in the distributions of gender and ethnicity. A student’s
t test or a Wilcoxon Rank-Sum (Mann-Whitney test) was used to test for differences between
the two groups in the distribution of age and gene expression. Odds ratios (OR) and 95%
confidence intervals (CIs) were calculated as estimates of relative risk by dichotomizing the
levels of NURR1 gene expression. One- or two-way ANOVA was performed to evaluate the
differences in the mean value of the relative NURR1 gene expression. Unconditional
multivariable logistic regression was performed to control for possible confounding by age,
gender, and ethnicity, where appropriate. All statistical tests were two-sided. Spearman
correlation coefficients were computed to evaluate the correlations among age, duration (year),
or the UPDRS scores of PD, and the levels of NURR1 gene expression. P values lower than
0.05 were considered significant.

3. Results
3.1. Characteristics of study population

The demographic characteristics of each group are summarized in Table 1. Among all subjects,
53.0% female; 82.6% were Caucasian, 9.8% Hispanic, 5.6% African-American, and 2.5%
represented other races.

3.2. NURR1 gene expression on PBL of all study groups
The mean level of NURR1 gene expression in PBL in patients with PD was 52% lower than
healthy controls (p < 0.01), and 25% lower than all NDC (p < 0.05; Figure 1; Table 2). The
decreased expression in NURR1 gene in PD was more robust in patients with familial history
of PD and the difference between sPD and fPD was statistically significant (p < 0.05; Table
2). There was also a significant difference of NURR1 expression when HC and NDC were
compared (p < 0.05; Figure 1; Table 2) and when PD and other movement disorders were
compared (p < 0.05; Table 2).

3.3. PD risk estimate after adjusting age, gender and ethnicity
Since the demographic distribution of gender, age and ethnicity was significantly different
among all study groups, we determined the odds ratio (OR) values to estimate the relative risk
of PD after adjusting for age, gender and ethnicity where appropriate. Using HC as reference,
we found that the OR was significantly increased in the overall PD population (p < 0.001). The
estimated relative risk for patients with PD was significantly increased in both male (p < 0.05)
and female patients (p < 0.01), but was greater in females (Table 2 and Table 3). The risk effect
of the level of NURR1 gene expression appeared to be greater in older subjects (p < 0.01, age
≥60 years, and p < 0.05 age <60 years), and in subjects of Caucasian origin (p < 0.001). No
difference in risk of was found in non-movement disorder controls or other movement disorder
controls when adjusted for age and gender (Table 3).

3.4. The influence of medication
Among 278 PD patients, 65 were of recent-onset and not yet treated with anti-PD medications
(“de novo” PD), the remaining 213 patients were treated with anti-PD medications, including
58 treated with DA receptor agonists, usually pramipexole or ropinirole, 66 were treated with
l-dopa, and other 89 patients were treated with the combination of DA agonists and l-dopa.
There was no significant influence of medication on NURR1 expression (Table 4).
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3.5. Correlation of disease duration and severity with NURR1 expression in PD
We performed a correlation analysis between disease duration (years after onset of disease
symptoms) and severity (total UPDRS score) in 278 patients with PD. There was no significant
correlation between the duration of PD and the level of NURR1 gene expression (r=−0.03, p
> 0.05), and there was no correlation between the NURR1 gene expression and UPDRS scores
(r=−0.02, p > 0.05).

4. Discussion
Although PD is typically considered an age-related neurodegenerative disorder, with
symptoms usually starting in the sixth decade of life, the biology of the disease may start
decades prior to clinical manifestation [2,32]. Therefore, disease-specific and sensitive
biomarkers would be very useful in identifying individuals at risk for the disease at the pre-
clinical stage and to serve as potential surrogate markers of disease progression.

Mutations or variations in genes coding for transcription factors involved in regulation of
neuronal development and maintenance of nigrostriatal system function may be risk factors
for PD [19,33]. NURR1 is of great interest since this gene is highly expressed in the SN and
down-regulation of its expression has been shown to cause relatively specific nigro-striatal
DAergic dysfunction in animal model [18–20,22–24,33,34]. Furthermore, at least three point
mutations in NURR1 gene have been found in association with PD [26,28,29]. We initially
reported that mutations in exon (−291Tdel and −245T→G sequence variation in 5’ untranslated
region) in familial PD cases [26]. A third novel mutation (heterozygous C-to-G transversion
resulting in serine-to-cysteine substitution) in the translated region of exon 3 was found in a
non-familial PD resulting in a change of p.Ser125Cys adjacent to ERK1/2 phosphorylation
site and subsequently leading to a marked reduction of Nurr1-induced transcriptional activation
[28,29]. A polymorphism in NURR1 intron 6 (NI6P) was found to confer a greater risk for PD
and diffuse Lewy body disease [25,27]. Moreover, Nurr1 has been found to be down-regulated
in the brains of aged individuals and in patients with PD [35,36], and such down regulation is
highly correlated with the presence of α-synuclein containing inclusion bodies in SN [36].

In the present study, we determined (in a blinded fashion) levels of NURR1 mRNA in PBL of
a large population of patients with PD, various NDC, and HC. We showed that the NURR1
gene expression in PBL in patients with PD is significantly decreased independent of
medication, disease duration, or severity. This finding suggests that the decreased NURR1 gene
expression in PBL reflects pre-existing disease-related changes rather than a surrogate marker
for disease severity or progression. To further determine the association of age, gender and
ethnicity of PD with the changes of NURR1 expression, we performed adjusted analyses of
OR and found that the NURR1 gene expression was more significantly decreased in older and
female patients and in those of Caucasian origin. The results should, however, be interpreted
cautiously as the observed changes in PBL may not necessarily represent corresponding
abnormalities in NURR1 gene expression in the brains of patients with PD. Despite these
limitations we believe that our findings provide support for the notion that PBL can be used
as a readily accessible tissue to study DAergic dysfunction relevant to PD pathogenesis.

In order to determine the specificity of reduced PBL NURR1 gene expression in PD, we also
measured NURR1 gene expression in PBL in various NDC. The subgroup of movement
disorder controls included ET, RLS, various non-PD parkinsonism syndromes, and dystonia.
While not specific for PD, as the reduction of NURR1 gene expression may also occur in other
disorders involving the DAergic system, the reduction of NURR1 gene expression in PBL is
much less robust in other movement disorders and in non-movement disorders than in PD.

Le et al. Page 5

J Neurol Sci. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The analysis of our findings leads us to the following conclusions: (1) although NURR1
expression is significantly decreased in our PD patients as compared with HC and with a
subgroup of disease controls this abnormality may not be specific for PD as it may be also
found, although to a lesser degree, in other movement disorders, and it is not known whether
the changes in NURR1 expression in PBL reflect any abnormalities in the gene expression in
the brain; (2) the changes in NURR1 expression do not seem to correlate with disease
progression; (3) patients with familial history seem to correlate with greater reduction in PBL
NURR1 expression; (4) levels of NURR1 gene expression seem to be lower in women, in
patients of 60 years old or older, and in subjects of Caucasian origin; and. (5) anti-PD
medications have limited or no impact on NURR1 expression.
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Figure 1.
NURR1 gene expression on PBL in different study groups. Fluorescent reading from real-time
PCR reaction was quantitatively analyzed by determining the difference of Ct (delta Ct)
between Ct of NURR1 and GAPDH, and the NURR1 gene expression was determined by the
formation of 2−delta Ct. The level of NURR1 gene expression was markedly low in patients with
PD (n = 278) and moderately low in various neurological disease controls (NDC, n = 256) as
compared with healthy controls (HC, n = 166). Data presented as mean ± SEM from a total of
700 subjects in duplication assay measured in blind fashion. * p < 0.05 and ** p < 0.01 vs. HC
(a), vs. NDC (b).
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