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Abstract

Objective: To investigate the relevance of exosomes with structural changes of white matter and
cognitive impairment in patients with Parkinson’s Disease (PD).
Methods: 60 patients with PD were selected between January 2013 and December 2015. All patients
were divided into 3 groups according to their cognitive function: PD-N group, PD-M group and PDD
group. General characteristics were collected and analysed. The movement functions of PD patients
were evaluated by the UPDRS and Hoehn-Yahr (modified) rating scale. Patients with cognitive
impairment were evaluated with the MMSE and the MoCA. The GE 3.0 T MRI was used for
examination. All the cases were scanned with routine MRI sequence and Diffusion Tensor Imaging
(DTI) sequence. Fractional Anisotropy (FA) was measured for white matter nerve fibers of different
brain regions of interest. The serum levels of TNF-α and α-synuclein were measured by ELISA.
Results: The UPDRS and Hoehn-Yahr scale of PD increased gradually with the exacerbation of
cognitive impairment (P<0.05). The proportion of Parkinson’s dementia in the middle and late group
was significantly higher than that in the early group (P<0.05), while the proportion of the middle and
late group with cognitive function was significantly lower than that of the early group (P<0.05). 21 out of
36 patients with normal MMSE scores had abnormal MoCA scores. Logistic regression analysis showing
that the corpus callosum may be specific for the brain white matter; and so did the left temporal lobe
and corpus callosum knee. The spearman correlation analysis showed that there was a negative
correlation between regional brain white matter and Parkinson’s cognitive function. The levels of TNF-α
and α-synuclein in the PD group were significantly higher than those in the normal control group
(P<0.05).
Conclusion: There should be a certain relationship between serum exosomes containing α-synuclein and
cognitive impairment in PD.
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Introduction
Parkinson’s Disease (PD) is a common degenerative disorder
of the central nervous system that mainly affects the motor
system. The most characteristic symptoms are tremor, rigidity,
slowness of movement, and difficulty with walking [1,2].
These dyskinesia symptoms are thought to be caused by the
lack of dopaminergic neuronal cell bodies located in the
substantia nigra and axon projection of the striatum. Previous
studies have focused too much on the motor symptoms of PD,
while ignoring the importance of non-motor symptoms.
Current studies generally suggest that non-motor symptoms of
Parkinson's disease, such as mental disorders, cognitive
impairment, and sleep disturbances, can eventually lead to a
decline in quality of life or disability. Cognitive impairment is
the most common non-motor symptoms of PD, including mild
cognitive impairment or Parkinson's dementia. Injuries of

white matter can lead to disorders of the neural circuitry
associated with mental activity. Previous studies have
demonstrated that white matter lesions are associated with the
onset of Alzheimer's disease [3,4]. While, the association
between white matter lesions and cognitive dysfunction in
Parkinson's disease is unclear. Magnetic resonance Diffusion
Tensor Imaging (DTI) can quantitatively measure white matter
structure and evaluate the integrity of white matter in vivo
[5,6]. White matter lesions cause changes in axonal orientation,
resulting in reduced Fractional Anisotropy (FA) of white
matter. Previous studies have shown that white matter damage
is more severe in parkinsonism dementia than in other PD
patients, which suggested that white matter lesions may play an
important role in cognitive impairment of PD [7,8]. Exosomes
are small membrane vesicles that are actively secreted by cells.
Numerous studies have confirmed that the extracellular
components of the nervous system play a major role in
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communication between cells, especially between neurons or
neurons and glial cells. Numerous studies have shown that
exosomes play an important role in neurodegenerative diseases
such as PD and Alzheimer's disease. It has been demonstrated
that exosomes are capable of transporting a variety of
substances in the nervous system cells, especially between
neurons or neurons and glial cells. Many studies have shown
that exosomes play an important role in the progression of
neurodegenerative diseases such as PD or Alzheimer's disease.
This study aimed to explore the changes of exosomes and
white matter structure in PD patients with different cognitive
impairment, revealing the relationship between white matter
structure and cognitive function of exosomes in PD patients.

Materials and Methods

Object of study
PD group: Between January 2013 and December 2015, 60
patients with PD were admitted to this study, including 32 male
and 28 female patients with a mean age of 64.7 ± 6.9 y.

AInclusion criteria: According to the guidelines for PD of the
European Union of Neurology (2013), (1) Slowness of
movement; (2) At least one of the following symptoms: resting
tremor, myotonia, postural balance disorders; (3) Symptoms
progress gradually; (4) Levodopa treatment is effective; (5) PD
course of more than 4 y.

BExclusion criteria: (1) Parkinson's syndrome (e.g. stroke,
inflammation of CNS, metabolic diseases, toxic diseases, brain
trauma, brain tumors); (2) Patients suffering from heart, liver
or kidney diseases; (3) Patients with primary PD who had
experienced stereotactic ablation of nucleus or DBS
previously; (4) Patients with severe mental illness; (5) Patients
with contraindication for MRI examination; (6) SDS ≥ 50.

CPD patients were divided into 3 groups according to their
cognitive status: (1) Cognitive normal group (PD-N); (2) Mild
cognitive impairment group (PD-M); (3) Parkinsonism
Dementia (PDD).

Control group: 20 normal controls were selected from
outpatient, matched for age and gender, whose MMSE scores
were not less than 26.

Medical ethics: The unit medical ethics research committee
has been approved by this research, and the approval number is
2013-2015.

Methods
All PD patients and normal controls were investigated by
questionnaire and clinical examination, who had been informed
and signed on informed consent:

General data: Age, gender, nationality, onset time.

Hoehn-Yahr stage and UPDRS motor score were recorded at
on-stage of PD.

The Mini Mental State Examination (MMSE) was selected to
evaluate the cognitive status of PD and control groups [9,10].
The scale includes the 11 items in the following: temporal
orientation, attention and calculation, language and praxis,
instant memory recall, short-term memory recall, naming,
repetition, reading, writing and graphic copying. Score one
point for each correct response. The scores can be interpreted
according to education level: abnormal for illiteracy<17scores,
abnormal for primary school education<20 scores, abnormal
for more than primary school education<24 scores.

MoCA was selected to evaluate cognitive status of PD and
control groups [9,10]. The scale contains the following eight
items: visuospatial/executive, memory, naming, attention,
language, abstraction, delayed recall and orientation. The
scores should be corrected according to education level. There
was a positive correlation between cognitive function and
MoCA score. A score below 26 points indicates that cognitive
impairment has developed. All tests should be done by the
subjects themselves.

Diffusion Tensor Imaging (DTI): Routine MRI sequence and
DTI sequence were acquired at 3.0 Tesla. 3.0T magnetic
resonance was purchased from GE company (Model:
DiscoveryMR750 3.0T). DTI sequence contains 16 directions
and a total of collection (44 × 16) slices. DTI data were
analyzed with Functool software on AW4.4 computer
workstation, and the Fractional Anisotropy (FA) values were
measured for different ROI of white matter.

Blood samples (6 ml) were collected using EDTA and
anticoagulant tube for all PD groups and healthy control group
in the morning of peripheral blood, high-speed centrifuge at
1400 rpm (4°C) for 15 min. Then supernatant was stored in a
-80°C refrigerator for ELISA. ELISA was purchased from
Beijing Wantex Company (Batch number: B20131024).
Automatic ELISA processing system was purchased from the
Swiss Himilton Medical Company (Model: FAME16/20).

Statistical analysis
Statistical analysis was performed using the Statistical Package
for the Social Sciences software (version 19.0) (SPSS,
Chicago, IL, USA). Chi-square test was used for count data
among groups, t-test was used to compare between the
occurrences frequencies Spearman correlation and Logistic
regression analysis was used for FA value of white matter and
different cognitive status. Levene variance homogeneity test,
variance homogeneity analysis of variance, variance deviation
were ranked test, count data between the uses of Pearson test.
The correlations of serum α-synuclein, cognitive impairment
and FA were analyzed by Spearman correlation. Statistical
significance was considered at a value of P<0.05.

Chen/Zhang

9306 Biomed Res 2017 Volume 28 Issue 21



Results

General information on different cognitive status of
PD patients and controls
There was no significant difference within the age and gender
distribution of all the PD and control groups (P>0.05), as well
as their course of disease (P>0.05). UPDRS of PD-NPD-M and
PDD was 31.3 ± 11.2, 44.2 ± 14.5 and 57.4 ± 16.2,
respectively, indicating that UPDRS increased with the
cognitive impairment status (P<0.05). Hoehn-Yahr scale of
PD-N, PD-M and PDD was 2.3 ± 0.8, 2.9 ± 0.8 and 3.7 ± 0.9,
respectively, indicating that Hoehn-Yahr scale increased with
the cognitive impairment status (P<0.05) (Table 1 and Figures
1 and 2).

Table 1. Demographics and clinical characteristics of PD with
different cognitive status and controls.

Characteristics Control PD-N PD-M PDD P value

n 20 20 20 15  

Gender 

Male 10 11 11 7 >0.05

Female 10 9 9 8  

Age 62.5 ± 5.2 63.7 ± 6.3 64.4 ± 5.8 66.2 ± 6.4 >0.05

Course of
disease

/ 4.8 ± 2.6 5.3 ± 3.2 6.1 ± 4.8 >0.05

UPDRS / 31.3 ± 11.2 44.2 ± 14.5 57.4 ± 16.2 <0.05

Hoehn-Yahr
stage

/ 2.3 ± 0.8 2.9 ± 0.8 3.7 ± 0.9 <0.05

PD-N: PD with normal cognitive status; PD-M: PD with mild cognitive
impairment; PDD: PD with dementia.

Figure 1. UPDRS of PD with different cognitive status. The levels of
UPDRS in PD-M and PDD groups were significantly higher than
those in the PD-N group (P<0.05).

Figure 2. Hoehn-Yahr stage of PD with different cognitive status. The
levels of Hoehn-Yahr stage PD-M and PDD groups were significantly
higher than those in the PD-N group (P<0.05).

The distribution of cognitive status between PD in
early stage and in later
According to the Hoehn-Yahr stage of PD, 60 Parkinson's
patients were divided into two groups: early stage group and
later stage group (Table 2). There were significant differences
in gender distribution between the two groups (χ2=22.94,
P<0.05). In early stage group, the percentage of PD-N, PD-M
and PDD were 50.0%, 34.5% and 11.3%, respectively.

Figure 3. The distribution of cognitive status between PD in early
stage and in later stage. Indicating a statistically significance
between early stage PD and later stage (P<0.05).

In later stage group, the percentage of PD-N, PD-M and PDD
were 16.7%, 30.0% and 51.3% respectively. The proportion of
Parkinson's dementia in later group was significantly higher
than that in early stage group (P<0.05) (Table 2 and Figure 3).
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MoCA and MMSE of PD with different cognitive
status and controls
The total MoCA score of PD-N, PD-M and PDD were 22.2 ±
4.2, 19.2 ± 5.1, 15.9 ± 5.2, respectively, showing that total
score MoCA of patients decreased with status of cognitive
impairment (P<0.05). The total MMSE score of PD-N, PD-M
and PDD were 25.3 ± 2.8, 24.3 ± 4.8, 21.7 ± 5.9, respectively
showing that total MMSE score decreased with status of
cognitive impairment (P<0.05).

Table 2. The distribution of cognitive status between PD in early stage
and in later.

Stage of PD n PD-N (%) PD-M (%) PDD (%)

Early 29 18 (62.1) 10 (34.5) 1 (3.4)

Later 26 3 (11.5)* 16 (61.5)* 7 (26.9)*

PD-N: PD with normal cognitive status; PD-M: PD with mild cognitive
impairment; PDD: PD with dementia; *Indicating a statistically significance
between early stage PD and later stage (P<0.05).

Compared with the control group, the scores of MoCA and
MMSE decreased significantly in PD group (P<0.05). When
MMSE was selected as the criteria of cognitive status for PD
patients, there were 24 cases (24/60) of abnormal. But the
number of abnormal increased to 45 (45/60) under the criteria
of MoCA. These results indicate that MoCA scale is more
sensitive than MMSE in assessing cognitive impairment in
Parkinson's patients, whereas MMSE may have a higher
specificity (Table 3 and Figure 4).

Figure 4. MoCA and MMSE of PD with different cognitive status and
controls. Compared with the control group, the scores of MoCA and
MMSE decreased significantly in PD group (P<0.05).

FA value of white matter of PD with different
cognitive status and control
Compared with the control group, FA value of left frontal lobe,
right temporal lobe and bilateral anterior cingulate in PDD and
PD-M group decreased significantly (P<0.05). The FA value of
the left temporal lobe and corpus callosum of the PD-M group
decreased significantly (P<0.05), and so did the left occipital or
left anterior cingulate band of the PD-N group (P<0.05). The
FA values of left anterior cingulate and corpus callosum in
PDD group were significantly lower than those in PD-M group
and PD-N control group (P<0.05). Logistic regression analysis
indicate that the correlation was significant between FA value
of the corpus callosum and cognitive impairment of PD
(P<0.05). The FA values of the left occipital lobe, left anterior
cingulate cortex and the splenium of corpus callosum in the
PDD group were lower than those in the PD-N group. Logistic
regression analysis indicate that the correlation was significant
between FA value of the left anterior cingulate and cognitive
impairment of PD (P<0.05). The results of Spearman
correlation analysis showed that the left frontal lobe (r=-0.343,
P<0.05), the right temporal lobe (r=-0.393, P<0.05), the left
occipital lobe (r=-0.231, P<0.05), the left anterior cingulate
(r=-0.396, P<0.05), right anterior cingulate (r=-0.241, P<0.05)
(Table 4).

Table 3. MoCA and MMSE of PD with different cognitive status and
controls.

Category Control

(n=20)

PD-N

(n=20)

PD-M

(n=20)

PDD (n=15) P value

 

MoCA 26.1 ± 2.6 22.2 ± 4.2 19.2 ± 5.1* 15.9 ± 5.2* <0.05

MMSE 28.6 ± 1.7 25.3 ± 2.8 24.3 ± 4.8* 21.7 ± 5.9* <0.05

*Indicating a statistically significance between control group and experimental
group (P<0.05).

Serum TNF-α and α-synuclein of PD with different
cognitive status and control
The levels of TNF-α and α-synuclein in PD and control groups
were compared statistically. The levels of TNF-α and α-
synuclein in the PD-N, PD-M and PDD groups were
significantly higher than those in the control group (P<0.05).
Spearman rank correlation analysis shows the correlation of
serum α-synuclein and PD cognitive status, the results are as
follows: Parkinson's cognitive function normal (r=0.446,
P<0.05), PD with mild cognitive impairment (r=0.492, P<0.05)
and Parkinson's dementia (r=0.432, P<0.05). Spearman rank
correlation analysis shows the correlation of serum TNF-α and
PD cognitive status, the results are as follows: Parkinson's
cognitive function normal (r=0.382, P<0.05), PD with mild

Chen/Zhang

9308 Biomed Res 2017 Volume 28 Issue 21



cognitive impairment (r=0.414, P<0.05) and Parkinson's
dementia (r=0.378, P<0.05) (Table 5 and Figures 5 and 6).

Table 4. FA value of white matter of PD with different cognitive status and control.

Region of interest  

 

Control

(n=20)

PD-N

(n=20)

PD-M

(n=20)

PDD

(n=15)

P value 

Frontal white matter L 0.522 ± 0.067 0.491 ± 0.051 0.472 ± 0.082 0.449 ± 0.032* <0.05

R 0.496 ± 0.074 0.472 ± 0.103 0.466 ± 0.078 0.453 ± 0.074 >0.05

Parietal white matter L 0.482 ± 0.089 0.474 ± 0.071 0.463 ± 0.077 0.439 ± 0.066 >0.05

R 0.465 ± 0.078 0.467 ± 0.093 0.456 ± 0.075 0.453 ± 0.077 >0.05

Temporal white matter L 0.513 ± 0.084 0.481 ± 0.071 0.464 ± 0.083 0.445 ± 0.076 >0.05

R 0.488 ± 0.055 0.462 ± 0.083 0.442 ± 0.068 0.436 ± 0.036* <0.05

Occipital white matter L 0.453 ± 0.094 0.475 ± 0.066 0.438 ± 0.076 0.421 ± 0.077 >0.05

R 0.474 ± 0.084 0.462 ± 0.087 0.452 ± 0.075 0.433 ± 0.087 >0.05

Anterior cingulate gyrus L 0.536 ± 0.058 0.473 ± 0.088 0.454 ± 0.079 0.431 ± 0.079* <0.05

R 0.466 ± 0.088 0.445 ± 0.076 0.432 ± 0.069 0.413 ± 0.056* <0.05

Posterior cingulate gyrus L 0.454 ± 0.074 0.464 ± 0.086 0.451 ± 0.077 0.472 ± 0.072 >0.05

R 0.484 ± 0.075 0.464 ± 0.082 0.477 ± 0.084 0.463 ± 0.085 >0.05

Genu of Corpus Callosum  0.722 ± 0.085 0.715 ± 0.091 0.684 ± 0.089 0.699 ± 0.082 >0.05

Splenium of Corpus Callosum  0.796 ± 0.102 0.764 ± 0.083 0.731 ± 0.092 0.689 ± 0.065* <0.05

*Indicating a statistically significance between control group and experimental group (P<0.05) 

Figure 5. Concentration of serum TNF-α of PD with different
cognitive status and control. The levels of TNF-α in the PD-N, PD-M
and PDD groups were significantly higher than those in the control
group (P<0.05).

Discussion
PD is a common clinical degenerative disease of the central
nervous system, which usually occurs in the elderly. With the
aging of the population, the incidence of PD in China was
increasing gradually [11,12]. PD progresses gradually with the

course of disease. Not only the progresses of motor symptoms,
but also some non-motor symptoms, such as cognitive
impairment, sleep disorders, which increased the burden on
families and society [13]. Although recent advances in PD
cognitive impairment have made great progress, it remains
unclear.

Therefore, there is an urgent need to find more effective ways
to screen and identify cognitive dysfunction in patients with
Parkinson's disease in order to early intervention and inhibit
cognitive dysfunction. There is increasing evidence shows that
LRRK2 may be involved in the endosomal process, including
the binding to RAB5B, a member of the RAS oncogene family,
which involved in fusion of MVBs with cytoplasmic
membrane and secretion of exosomes [14,15]. Mutations in
this gene-related site can lead to abnormal aggregation of
intracellular plaques and induce the generation of large
amounts of exosomes containing toxic α-synuclein [16,17].
Toxic α-synuclein will be transported into the normal neurons
cells via the secretion of exosomes, resulting in accumulation
of toxic α-synuclein in neuron and microglia activation
[18,19]. Activation of microglia can produce rich in tumor
necrosis factor-α (TNF-α) and other inflammatory factors of
exosomes, increased neurotoxicity, and promote the
development of PD [20-22]. The development of neuroimaging
has also made great progress, by diffusion tensor imaging of
magnetic resonance imaging of the white matter can be more
accurate to determine the integrity of nerve fibers, for the
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diagnosis of cognitive dysfunction provides a reference
[23,24].

Figure 6. Concentration of serum α-synuclein of PD with different
cognitive status and control. The levels of α-synuclein in the PD-N,
PD-M and PDD groups were significantly higher than those in the
control group (P<0.05).

Table 5. Concentration of serum TNF-α and α-synuclein of PD with
different cognitive status and control.

Category n TNF-α (ng/L) α-synuclein (ng/ml)

Control 20 84.44 ± 24.63 7.01 ± 1.56

PD-N 20 115.68 ± 11.21* 15.43 ± 5.64*

PD-M 20 166.35 ± 21.08* 19.32 ± 6.73*

PDD 15 201.33 ± 25.85* 22.26 ± 8.2*

P value  <0.05 <0.05

*Indicating a statistically significance between control group and experimental
group (P<0.05).

In this study, the use of magnetic resonance diffusion tensor
imaging technology on white matter structure changes with
cognitive impairment of PD were studied, the results show that
Parkinson's patients with dementia after its left frontal lobe,
right temporal lobe and bilateral The FA value of the white
matter in the anterior cingulate cortex decreased and the white
matter in the genu of the corpus callosum could be identified
by Logistic regression analysis. The FA values of the left
temporal lobe and the corpus callosum were decreased when
the mild cognitive impairment occurred. Logistic regression
analysis show that the results of Spearman correlation analysis
of brain white matter and Parkinson's cognitive function in
different regions suggested that there was a negative
correlation between them. These results suggest that the
cognitive impairment of PD is more serious, the white matter
of the corresponding parts of brain, the more obvious the
decrease of FA value.

In the present study, the levels of serum TNF-α and α-
synuclein in PD patients with different cognitive functions
were compared. The results showed that the levels of TNF-α
and α-synuclein were significantly higher in PD Significantly
higher than the normal control group (P<0.05), and with the
degree of increase in cognitive function of patients with
increased state. The Spearman rank correlation analysis
showed that the cognitive function impairment of PDD was
more serious, the levels of TNF-α and α-synuclein were higher
in PDD group than in other group. A positive correlation
between the TNF-α and α-synuclein. The increased content of
α-synuclein in peripheral blood can reflect the effect of
exosomes on the progression of PD.

In summary, we found the high incidence of cognitive
impairment in PD. The MoCA scales are more sensitive to
detecting cognitive impairment in PD patients; and the corpus
callosum and left anterior cingulate changes on DTI might be
valuable for the diagnosis of cognitive dysfunction in PD.
There should be a certain relationship between serum
exosomes containing α-synuclein and cognitive impairment in
PD.
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