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Abstract The aim of our study is to examine the plasma
levels of the four kinds of neurodegenerative proteins in
plasma: o-syn, T-tau, P-tau;g; and AB-42 in Parkinson’s
disease (PD) and to evaluate the relationship between their
plasma levels and PD motor subtypes. 84 patients with PD
were enrolled in our study, and finally, 73 of them were
classified into the tremor-dominant subtype (TD) and the
postural instability gait difficulty subtype (PIGD). Their
motor performance was evaluated by a series of clinical
assessments: Freezing of Gait Questionnaire (FOGQ),
Timed Up and Go (TUGs), Tinetti balance, and Tinetti
gait. Plasma levels of these proteins were measured by
enzyme-linked immunosorbent assay (ELISA). The plasma
level of a-syn was significantly higher in PD patients when
compared to controls (p = 0.004), and significantly higher
in the PIGD group when compared to the TD group
(p = 0.03). While the plasma level of AB-42 was signifi-
cantly lower in PD patients than in controls (p = 0.002),
and significantly lower in the PIGD group than in the TD
group (p = 0.05). In PD patients, the plasma level of o-syn
(r = —0.355, p < 0.001) was significantly related to the
severity of Tenitti Gait score, even after performing mul-
tiple linear regression (p = 0.002). While the plasma level
of AB-42 (r = —0.261, p < 0.05) was significantly asso-
ciated with the severity of PIGD score and remained cor-
relate  when performed multiple linear regression
(p = 0.005). The patients with PIGD subtype are
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characterized with a lower level of plasma AB-42 and a
higher plasma level of o-syn, which may be used as
biomarkers for diagnosis and progression of the subtypes of
PD.
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Introduction

It is well known that Parkinson’s disease (PD) should be
considered as a neurological movement disorder with
variable clinical phenotypes. According to the clinical
symptoms, patients with PD can be classified into three
subtypes: the tremor-dominant (TD) subtype, the postural
instability gait difficulty (PIGD) subtype, and the mixed
subtype (Jankovic et al. 1990). Compared to the TD sub-
type, patients with PIGD have more severe motor disor-
ders, such as freezing of gait (FOG), falling, and postural
instability, as well as a higher risk of cognitive dysfunction.
Moreover, the PIGD subtype patients have less response to
dopamine replacement therapy (Auyeung et al. 2012;
Bohnen and Cham 2006).

The diagnosis of PD subtype is critically dependent on
clinical examination. However, a readily accessible bio-
marker for diagnosis of the motor subtypes of PD remains
to be discovered. Previous studies have made preliminary
attempts. For example, lacono et al. reported that the
cerebrospinal fluid (CSF) level of 5-HT in the PIGD group
was lower than in the TD group (Iacono et al. 1997). Yu
et al. found that the glutamic acid (GLU) and y-aminobu-
tyric acid (GABA) were associated with the clinical
heterogeneity (Yu et al. 2012). Among all these biomarker
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candidates, the neurodegenerative proteins, such as o-syn,
T-tau, P-taug; and AB-42, were sought to be accessible
biomarkers for the diagnosis of PD subtypes (Ohrfelt et al.
2009; Jellinger 2012). In a clinical study, increased plasma
level was found in PD patients with FOG as compared to
controls (Wang et al. 2014). The levels of T-tau and the
ratio of levels of T-tau and AB-42 in CSF were lower
significantly in the TD group (Kang et al. 2013).

However, only a few of studies have shown that neu-
rodegenerative proteins may related to the TD subtype, and
whether there is a relationship between the plasma levels of
neurodegenerative proteins and PIGD subtype is still
unclear. Hence, in our study, we measured the plasma
levels of four kinds of neurodegenerative proteins (o-syn,
T-tau, P-tau;g;, and AB-42) in PD patients with different
motor subtypes and tried to find the potential biomarkers
for diagnosis of the motor subtypes of PD.

Methods
Patients

A total of 84 patients who met the diagnosis of idiopathic
PD according to the UK Parkinson’s disease Brain Bank
criteria were involved in our study consecutively (Hughes
et al. 1992). Patients with other movement disorders, such
as Parkinsonian plus syndromes, neurological disease, a
history of family PD, and other signs of blood disease,
were excluded from our study. Our patients were in “off”
state, and the clinical assessments and blood samples were
carried out after more than 12 h withdrawal of anti-
parkinsonian medications. The Unified Parkinson’s disease
Rating Scale (UPDRS) scores were used to evaluate the
severity of patients and help us define the clinical subtype
of PD (Fahn et al. 1987). Meanwhile, 26 age-matched
volunteers took participate in our study. The exclusion
criteria were neurological disease, dementia, history of
family PD, and other sign of blood disease. All participants
were included only if their scores of Mini-Mental State
Examination (MMSE) >24 (Folstein et al. 1975). This
study was approved by the ethics committee of the First
Affiliated Hospital of Nanjing Medical University.
Informed written consent was obtained from all volunteers.

Classification into PIGD and TD subtypes

The all 84 patients were divided into the postural instability
gait difficulty dominant (PIGD) group or the tremor-dom-
inant (TD) group according to the ratio of mean tremor
score/mean PIGD score. The mean tremor score was the
sum of UPDRS item 16, 20, 21 divided by 9, whereas the
mean PIGD score was the sum of UPDRS item 13, 14, 15,
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29, 30 divided by 5. Accurately, 37 patients with the ratio
<1 were placed in PIGD group, whereas 36 patients with
the ratio >1.5 were placed in the TD group (Jankovic et al.
1990). Finally, there were 73 patients included in our study,
and another 11 patients were excluded for their scores in-
between.

Clinical assessments

The severity of disease was evaluated using the Hoehn
and Yahr staging scale (H&Y) and UPDRS (Hoehn and
Yahr 1967). The motor performances of balance and
gait were evaluated with Freezing of Gait Question-
naire (FOGQ) (Hanakawa et al. 1999), Tinetti balance
and Tinetti Gait (Kegelmeyer et al. 2007), as well as
Timed Up and Go (TUGs) (Shumway-Cook et al.
2000). The levodopa equivalent daily dose (LEDD) was
calculated based on established methods (Tomlinson
et al. 2010).

Plasma sample collection and biological assays

5 ml of blood was obtained from all our volunteers in the
morning after an overnight fast and then collected into
these tubes containing EDTA, which was recommended by
manufacturer. The plasma was separated immediately
within 2 h by a designated person. We centrifuged the
plasma at 3000 rpm for 15 min at 4 °C according to the
recommendation by manufacturer and previous reports.
Plasma was then stored at —80 °C until analysis. Plasma o-
syn, T-tau, P-tau;g;, and AP-42 concentrations were
detected using commercially available enzyme-linked
immunosorbent assay (ELISA) according to the manufac-
turer’s protocol (SBJ-H1552, SBJ-H2051, SBJ-H2050, and
SBJ-HO0250; Senbeijia, Nanjing, China).

Statistical analysis

Shapiro—Wilk test was used to exam the normality of dis-
tribution of our data (p > 0.05). Comparisons between
patients and controls were made using T test, Manu—
Whitney U test, or Kruskal-Wallis H test for continuous
variables, and Chi-squared test for categorical data. Least
significant difference (LSD) method or Nemenyi test was
adopted for post hoc multiple comparisons. The correlation
between plasma levels of neurodegenerative proteins and
clinical variables was examined with Spearman’s rank-
correlation analysis. Multiple linear regression analysis
was also performed to further examine the impact of neu-
rodegenetative proteins on the motor symptoms. A p value
less than 0.05 was statistically significant. All analyses
were performed using the SPSS software (19.0, SPSS InC.,
Chicago, IL, USA).
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Results

Demographic and clinical characteristics of PD
patients and controls

Demographic and clinical characteristics of PD patients
and controls are summarized in Table 1. A total of 73 PD
patients and 26 age-matched healthy controls were recrui-
ted in our study. There were no significant differences
between PD patients and controls in age (67.60 £ 8.70 vs.
64.77 £ 4.16, p = 0.085) and MMSE score (28.15 + 4.38
vs. 27.95 £ 2.24, p = 0.101). No significant differences
were found in gender, disease duration, MMSE score,
UPDRS I score, and UPDRS III score between two motor
subtype groups. However, those items of age
(71.58 £ 7.02 vs. 63.73 £ 849, p<0.001), LEDD
(473.43 4+ 297.58 vs. 279.39 £ 227.66, p = 0.008), and
H-Y stage (2.18 £ 0.43 vs. 1.76 £ 0.65, p = 0.002) were
significantly higher in the PIGD group when compared to
the TD group. As expected, gait and balance impairments
were more severe in the PIGD group compared with the
TD group, as assessed by the Tinetti Gait (p < 0.001), the
TUG test (p < 0.001), the FOGQ test (p < 0.001), and the
Tinetti Balance (p < 0.001).

Plasma levels of neurodegenerative proteins in PD
patients and controls

As shown in Table 2, PD patients had a lower plasma level
of AB-42 (266.73 £ 78.50 vs. 320.39 £ 62.72, p = 0.002)
and a higher plasma level of a-syn (319.56 + 64.22 vs.

Table 2 Plasma levels of neurodegenerative proteins in PD patients
and controls

Control (n = 26) PD (n = 73) p value

a-syn (pg/ml) 27431 £70.71  319.56 + 6422 0.004
T-tau (pg/ml) 25959 + 60.46  247.97 + 6495 0512
P-taug; (pg/ml)  87.31 & 20.32 9038 + 2120 0477
AB-42 (pg/ml) 32039 £ 6272 266.73 + 78.50  0.002

PD Parkinson’s disease, a-syn o-synuclein, T-tau total tau, P-tau;g;
tau phosphorylated at threonine 181, Af42 B-amyloid

274.31 £ 70.71, p = 0.004) than controls. However, there
were no significant differences in the plasma levels of
T-tau and P-tau,g, between PD patients and controls. In the
different motor subgroups, as summarized in Table 3, the
PIGD group had a significantly higher level of o-syn than
the TD group (340.60 £ 56.00 vs. 299.09 + 65.79,
p < 0.05). Moreover, the PIGD group also showed a
slightly lower plasma level of AB-42 when compared to the
TD group at a marginal significance (242.81 &+ 73.45 vs.
290.02 £ 77.14, p = 0.05).

Correlations between plasma levels
of neurodegenerative proteins and clinical
manifestations of PD patients

As summarized in Table 4, the plasma level of a-syn was
negatively correlated with the Tinetti Gait score
(r = —0.355, p = 0.002, Fig. 1), a scale with less score
meaning more severe symptoms and positively correlated
with the FOGQ test score (r = 0.234, p = 0.046), a scale

Table 1 Demographic and

clinical characteristics of PD HC (n = 26) PIGD (n = 36) D (n =37) p value

patients and control Age (years) 64.77 + 4.16 71.58 + 7.02 63.73 + 8.49 0.000
M/F 10/16 25/11 29/8 0.384
Disease duration (years) NA 4.66 £+ 3.26 439 + 3.75 0.441
Hoehn and Yahr stage NA 2.18 £ 0.43 1.76 + 0.65 0.002
UPDRS I NA 397 £ 250 3.14 £ 1.81 0.185
UPDRS I NA 15.11 £ 5.58 9.68 £ 5.24 0.000
UPDRS III NA 24.89 + 9.40 21.70 £+ 10.59 0.179
LEDD NA 473.43 4+ 297.58 279.39 + 227.66 0.008
Tremor score NA 244 £ 2091 8.73 £3.12 0.000
PIGD score NA 7.14 £+ 2.38 2.00 + 1.29 0.000
TUGs NA 30.50 + 64.60 12.87 + 4.18 0.000
Tinetti balance NA 9.83 £ 3.95 1524 + 1.28 0.000
Tinetti gait NA 6.28 + 2.19 10.49 £+ 1.64 0.000
FOGQ NA 11.08 £ 5.76 092 £1.53 0.000

Data are presented as mean £+ SD

PIGD postural instability gait difficulty, 7D tremor dominant, HC healthy controls, NA not applicable,
M male, F female, LEDD Levodopa equivalent daily dose, UPDRS Unified Parkinson’s Disease Rating
Scale, TUG Timed Up & Go, FOGQ Freezing of Gait

@ Springer



356 J. Ding et al.
Table 3 Plasma levels of neurodegenerative proteins in PIGD sub- 500
type and TD subtype ?

TD (n = 37) PIGD (n = 36) p value E 400
a-syn (pg/ml) 299.09 £ 65.79 340.60 £ 56.00 0.03 #I 300
T-tau (pg/ml) 253.63 £ 66.09 242.16 £+ 64.17 0.78 g-
P-tau;g; (pg/ml) 91.42 £+ 21.06 89.32 + 21.59 0.93 g
AB-42 (pg/ml)  290.02 £ 77.14  242.81 £ 7345  0.05 @ 200

a

PIGD postural instability gait difficulty, 7D tremor dominant, «-syn
a-synuclein, 7-tau total tau, P-tau,;g; tau phosphorylated at threonine 100+ 1'5

181, Ap42 B-amyloid

Table 4 Correlation of plasma levels of neurodegenerative proteins
with some demographic and clinical characteristics in PD patients

o-syn T-tau P-tau;g; AB-42
Age 0.092 —0.044 —0.001 —0.087
Disease duration 0.098 —0.191 —0.115 0.015
LEDD 0.229 —0.064 0.037 —0.181
UPDRS 1 score 0.144 —0.248* 0.047 —0.114
UPDRS 1I score 0.125 —0.168 0.038 —0.127
UPDRS 1II score 0.056 —0.104 0.057 0.038
Tremor score —0.139 0.170 —0.031 0.239*
PIGD score 0.211 —0.106 0.053 —0.261*
TUGs 0.229 —0.042 0.054 —-0.211
Tinetti balance —-0.213 0.034 —0.089 0.142
Tinetti gait —0.355%: 0.093 —0.074 0.115
FOGQ 0.234* —0.060 0.129 —0.256*

r Spearman’s rho, LEDD Levodopa equivalent daily dose, UPDRS
Unified Parkinson’s Disease Rating Scale, PIGD postural instability
gait difficulty, 7D tremor dominant, a-syn a-synuclein, 7-fau total tau,
P-tau;g; tau phosphorylated at threonine 181, Af42 B-amyloid

* p <0.05; ** p <0.001

500

400+

3004

200+

plasma o -syn (pg/ml)

100 T T 1

tinetti gait score

Fig. 1 Correlations between plasma levels of o-syn and the score of
Tinetti gait in PD patients (r = —0.355, p = 0.002)

with more score meaning more severe symptoms. The
plasma level of AB-42 was negatively correlated with the
PIGD score (r = —0.261, p = 0.026, Fig. 2), and the
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PIGD score

Fig. 2 Correlations between plasma levels of AB-42 and the score of
PIGD in PD patients (r = —0.216, p = 0.026)

FOGQ test score (r = —0.256, p = 0.029) and positively
associated with the tremor score (r = 0.239, p = 0.042).

Multiple linear regression analysis

Multiple linear regressions were carried out with PIGD
score (Table 5) and Tinetti Gait score (Table 6) as
dependent variables in each respective model. Factors of
age, disease duration, LEDD, UPDRS I score, UPDRS II
score, UPDRS III score, and H-Y stage, as well as plasma
levels of a-syn, T-tau, P-tau;g; and AB-42, were included.
The regression model of PIGD score was significant
(» < 0.001) and accounted for 68.1% of variance. The
plasma level of AB-42 (f = —0.202, p = 0.005), UPDRS
II score (f =0.801, p=0.000, UPDRS 1 score
(B = —0.253, p = 0.004), as well as age (f = —0.223,
p = 0.003) was found to be significantly related to PIGD
score. Moreover, the regression model of Tinetti Gait score
was also significant (p < 0.001) and accounted for 46.3%
of variance. The plasma level of o-syn (f = —0.284,
p = 0.002), UPDRS 1I score (ff = —0.259, p = 0.045),
UPDRS 1II score (f = —0.268, p = 0.032), as well as age
(fp = —0.244, p = 0.011) was found to be significantly
related to Tinetti Gait score.

Although the plasma levels of a-syn and AB-42 were
related to the FOGQ score, as previously noted, the mul-
tiple regression analysis with the FOGQ score as the
dependent variable was failed to perform for its non-nor-
mality even after data transformation.

Discussion

In the past few decades, great progress has been made in the
pathophysiology and clinical features of PD. Emerging evi-
dence from biochemical and postmortem studies shows that
neurodegenerative proteins, such as o-syn, T-tau, P-tau,g;
and AB-42, may contribute to the pathogenesis of PD.
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;reaglr)elzzsisonlvz[:ll;gls?slgiir PIGD B SE b p value R

score as the dependent variable Age 0.082 0.026 0.223 0.003
Disease duration —0.073 —1.049 0.127 0.298
LEDD 0.144 1.895 0.226 0.062
UPDRS 1 —0.368 0.125 —0.253 0.004
UPDRS 11 0.426 0.047 0.801 0.000
UPDRS III —0.038 —-0.397 —0.048 0.693
H-Y stage 0.127 1.685 0.202 0.097
o-syn 0.078 1.128 0.137 0.263
T-tau —0.038 —0.529 —0.065 0.598
P-tau;g; 0.048 0.698 0.085 0.487
AB-42 —0.008 0.003 —0.202 0.005

0.681 (p < 0.001)

p < 0.05 are indicated in bold

PIGD score the score of postural instability gait difficulty, SE standard error of B, LEDD Levodopa
equivalent daily dose, UPDRS Unified Parkinson’s disease rating scale, a-syn o-synuclein, T-tau total tau,
P-tau,g; tau phosphorylated at threonine 181, Ap42 B-amyloid

'rreaglr)cl:is?onl\ilrl};si?shszatir Tinetti B SE B p Value ul

Sﬁﬁ:re as the dependent Age ~0.080 0.031 —0.244 0.011
Disease duration —0.002 —0.028 —0.003 0.978
LEDD —0.091 —0.902 —0.109 0.370
UPDRS I 0.133 1.212 0.147 0.230
UPDRS I —0.123 0.060 —0.259 0.045
UPDRS I —0.076 0.035 —0.268 0.032
H-Y stage —0.050 —0.497 —0.061 0.621
o-syn —0.013 0.004 —0.284 0.002
T-tau 0.089 0.971 0.118 0.335
P-taug,; —0.008 —0.092 —0.011 0.927
AB-42 0.061 0.664 0.081 0.509

0.463 (p < 0.001)

p < 0.05 are indicated in bold

SE standard error of B, LEDD Levodopa equivalent daily dose, UPDRS Unified Parkinson’s disease rating
scale, a-syn o-synuclein, T-tau total tau, P-fau;g; tau phosphorylated at threonine 181, Af42 B-amyloid

Previous studies have found that a-syn, T-tau, and AB-42 in
the CSF, as biomarkers, were involved in motor symptoms of
PD (Kang et al. 2013). However, few systematic works have
been made to reveal the relationship between all these neu-
rodegenerative proteins and motor subtype properties of PD,
especially in their plasma levels. Accumulating evidence has
shown that the plasma levels of neurodegenerative proteins
might partially reflect their activity in the brain (Lee et al.
2006; Molina et al. 1997; Lehallier et al. 2015). Based on these
data, we sought to measure the plasma levels of a-syn, T-tau,
P-tau;g;, and AB-42 in PD patients and investigate their
association with clinical features.

Our findings indicated that, first, the plasma levels of o-
syn and AB-42 in the PD patients were significantly dif-
ferent from those in HCs. Second, the plasma levels of o-
syn and AB-42 in the PIGD group were significantly

different from those in the TD group. Third, the plasma
level of a-syn was significantly related to the score of
Tinetti gait. Forth, the plasma level of AB-42 was signifi-
cantly associated with the score of PIGD.

Lewy bodies (LBs) and Lewy neurites (LNs)—major
composed of a-syn—were sought to be the defining feature
of idiopathic PD (Spillantini 1997). The studies contain
conflicting results as to whether the plasma levels of a-syn
differ between PD patients and controls. We observed that
the plasma level of o-syn in PD patients was significantly
higher than controls with the method of ELISA. In agree-
ment with us, Duran et al. and Lee et al. also reported
increased plasma level of o-syn in PD patients with the
method of ELISA (Duran et al. 2010; Lee et al. 2006).
While Park et al. suggested that there was no difference
between PD patients and controls in the plasma level of o-
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syn (Park et al. 2011). The inconsistency may result from
the different in sample size. The sample size of Park et al.
was 52 (PD 23, control 29). However, in Duran’s, Lee’s,
and our studies, the size was 155 (PD 95, controls 60), 194
(PD 105, controls 51, MAS 38), and 99 (PD 73, controls
26). There was a larger sample size in the latter studies as
compared to Park’s, and perhaps a larger sample size may
lead to a stronger statistical power. Difference in mea-
surement may also result in inconsistency. For example, Li
et al. found decreased level of a-syn in PD patients with the
method of western blot (Li et al. 2007). Compared to
western blot, ELISA was easier to operate and quantify.
Another important factor of the inconsistency is residual
red blood cells (RBC) or hemolysis during collecting
samples, as RBC is thought to be a major source of o-syn.
In our study, we arranged a designated person to collect
plasma samples. The plasma was separated within 2 h to
avoid hemolysis. Appropriate care was also taken to avoid
the contamination from pellet during centrifugation. Some
studies tried to detect specific structure or antibody of a-
syn to avoid this problem. For example, Foulds et al.
suggested that the plasma level of phosphorylated a-syn
was higher in PD patients than controls (Foulds et al.
2011). Besong-Agbo and his colleague demonstrated that
naturally occurring auto-antibody levels were lower in PD
patients (Besong-Agbo et al. 2013). The literature in this
field is limited, and further validation is critically needed.

Importantly, our study found that the plasma level of a-
syn was much higher in the PIGD group than in the TD group,
implying that o-syn might be even more associated with the
PIGD group in PD patients. Kang et al. reported that the CSF
level of a-syn was lower in the PIGD group than in the TD
group when the hemoglobin (HGB) in CSF < 200 ng/ml, in
line with us (Kang et al. 2013). Although the pathophysio-
logical mechanisms of PIGD are complex and remained to be
further explored, accumulating evidence supports the idea
that aggregation of a-syn might be involved in the progres-
sion of PIGD much more. It is well known that the PIGD
group has more severe motor disorders and a faster disease
progression. One hypothesis is that o-syn is a possible bio-
marker for progression, particularly in the motor symptoms.
Majbour and his colleague noted a correlation between the
oligomeric a-syn/total a-syn ratio in the CSF level and a
worsening of motor signs, especially in the PIGD group
(Majbour et al. 2016). A functional MRI study also reported
that CSF level of a-syn was related to sensorimotor func-
tional connectivity in PD (Campbell et al. 2015). When it
came to genetic research, Ritz et al. demonstrated that the
variants of SNCA were powerful predictors of faster motor
decline in idiopathic PD (Ritz et al. 2012). Taken together, all
these data suggest that a-syn contributes to a faster pro-
gression of motor disorders in PD. Further studies are needed
to investigate the clear mechanism.
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It is noteworthy that our study observed the relationship
between the plasma level of a-syn and the score of Tenitti
Gait, a scale which evaluates the severity of gait in PD
patients. However, previous studies have shown that other
clinical characteristics, such as age, disease duration, etc.,
may be related to the plasma level of a-syn in PD
(Parkkinen et al. 2001). To exclude the influence of these
factors, multiple linear regression was used to examine the
association between the plasma level of a-syn and symp-
toms of PIGD and the result showed that a increased level
of a-syn might still contribute to the severity of PIGD. An
animal study from Gruden showed that rigidity and loco-
motor activity resulted from the accumulating of a-syn plus
fibrils in the mice brain (Gruden et al. 2013). A clinical
study demonstrated that plasma a-syn could discriminate
freezing of gait (FOG) from controls, although no signifi-
cant difference between the PD with FOG group and PD
without FOG group (Wang et al. 2014). Hence, we can
postulate that the accumulating of a-syn may contribute to
the occurrence of gait disturbance in PD patients.

It is also worth noting that the plasma level of AB-42 in
patients with PD was significantly lower than in HCs. It is
strongly supposed that decreased AB-42 concentration in
the brain of PD patients could be reflected by its AB-42
level in plasma. Although AB-42 is a biomarker of Alz-
heimer’s disease, it is also closely related to PD. Previous
studies have suggested decreased concentration of Af-42
in CSF of PD patients (Kang et al. 2013). Leverence et al.
demonstrated the strong role of AB-42 in cognitive pro-
cessing in PD (Lehallier et al. 2015). In agreement with our
findings, a study from Kang et al. has shown that the AB-42
level in CSF was associated with PIGD group in his mul-
tivariate logistic regression (MLGR) model (Kang et al.
2013). A clinical study also reported that lower CSF level
of AB-42 was found in the PIGD phenotype even in the
newly diagnosed and untreated PD patients when compared
to the TD phenotype (Alves et al. 2013).

We also measured the two other neurodegenerative
proteins—including T-tau and P-tau;g;—in the level of
plasma. We observed that the plasma level of T-tau and
P-tau;g; was lower in PD patients than in controls, although
the difference was not statistically significant. When
compared between the two patient groups, there was also a
decreased tend of the plasma level of T-tau and P-tau,g; in
the PIGD group. Tau was thought to play an important role
in the pathology of PD through a lot of mechanisms,
including mitochondrial dysfunction, unbalanced basal
ganglia circuit and excitotoxicity (Menzie et al. 2014). We
field to find the plasma level of tau and p-tau in PD
patients. The literature contains conflicting reports about
whether T-tau in CSF level differs between controls and
PD patients. A study from Karin reported unchanged T-tau
and p-tau levels in CSF in PD patients and controls, which
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was in line with our result (Karin et al. 2013). While Kang
et al. found that the CSF levels of T-tau and p-tau were
significantly lower in PD patients than in controls (Kang
et al. 2013). The inconsistency may result from the dif-
ference in sample size and measurement.

Some limitations should be noted in our study. First,
we only performed a peripheral association of o-syn by
measuring them in plasma level. It was discovered that
plasma exosomal o-syn, which was transported from CSF
a-syn readily, might be the most promising candidate for
the diagnosed of PD (Atik et al. 2016). Second, the size
of samples in our study was relatively small for corre-
lation analysis. Third, the focus of our study was only
restricted to two subtypes of PD, and the other subtypes
were not brought into. Forth, other forms of o-syn, such
as oligomeric and phosphoryed forms, were not measured
in our study. Fifth, we did not measure the plasma level
of hemoglobin in our study. It is more rigorous to
evaluate the situation of hemolysis in the study. There-
fore, a large sample study for all subtypes of PD and
more kinds of measurements should be taken for further
investigation.

In conclusion, the results from our study showed that a
lower level of AB-42 and a higher level of a-syn were
found in plasma in PD patients when compared to controls.
Moreover, compared to the TD group, a lower level of Ap-
42 and a higher level of a-syn were found in the PIGD
group. The plasma level of o-syn was related to the
severity of gait, while the plasma level of AB-42 was
associated with the score of PIGD. A lower level of plasma
AB-42 and a higher level of plasma o-syn may be as
biomarkers indicating the severity of posture and gait dis-
orders of PD, although further study is needed to validate
our results.
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