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Background and Purpose: Olfactory dysfunction (OD) is a common non-motor
symptom of Parkinson disease (PD). However, the relationship between OD and
neuropathologic proteins in cerebrospinal fluid (CSF) from PD patients remains unclear.

Methods: 166 PD patients were included in the study. Overall olfactory function
was assessed by summing up the scores of olfactory threshold, discrimination, and
identification by a Sniffin’ Sticks test, based on which, patients were divided into PD with
OD (PD-0OD) and PD with no OD (PD-NOD) groups. CSF samples were obtained from
76 PD patients. The levels of neuropathologic proteins, including a-Synuclein, Ap1-42,
total tau (T-tau), and multiple forms of phosphorylated tau (P-tau) in CSF were measured
by an enzyme-linked immunosorbent assay.

Results: out of the 166 PD patients, 103 cases (62.0%) had OD. The scores of
overall olfactory functions, and olfactory threshold, discrimination, and identification in
the PD-OD group were all significantly lower than that in the PD-NOD group (P < 0.001).
a-Synuclein level in CSF was significantly higher in the PD-OD group than the PD-NOD
group (P < 0.05), and was significantly and negatively correlated with the scores of overall
olfactory function, and olfactory discrimination and identification (P < 0.05). AB1-42 level
in CSF was higher in the PD-OD group than the PD-NOD group, and was significantly
and negatively correlated with the olfactory identification score (P < 0.05). T-tau level in
CSF was significantly lower in the PD-OD group than the PD-NOD group (P < 0.05),
and was significantly and positively correlated with the olfactory discrimination score (P
< 0.05). There was no significant difference in P-tau level in CSF between the PD-OD
and PD-NOD groups and no correlation between OD score and P-tau level in CSF.
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Conclusions: PD-OD includes the impairments of olfactory threshold, discrimination,
and identification, and is associated with the significant elevation of a-Synuclein and the
decrease of the T-tau level in CSF.

Keywords: Parkinson disease, olfactory dysfunction, sniffin’ sticks test, cerebrospinal fluid, neuropathologic

proteins

BACKGROUND

A pathological hallmark of Parkinson disease (PD) is Lewy
bodies (LBs), which deposit in the substantia nigra (SN) and
cause the progressive degeneration and death of dopaminergic
neurons, leading to dopamine depletion in striatum and
subsequent motor symptoms. Recent pathological investigations
demonstrated that LBs beyond SN were associated with
numerous non-motor symptoms (Khoo et al., 2013), including
neuropsychiatric symptoms, autonomic dysfunction, sleep
disorders, and abnormal sensation, etc., among which, olfactory
dysfunction (OD) was a common non-motor symptom of
abnormal sensation. The high prevalence of OD, along with the
low cost of olfactory tests, has fostered great interest in olfaction
as a potential biomarker for PD (Fullard et al., 2017).

According to the Braak stage of PD pathology (Braak et al.,
2003), LBs in the brain start firstly in the olfactory bulb and
anterior olfactory nucleus, and subsequently in nuclei in the
lower brainstem, advancing in a topographically predictable
sequence, to the upper brainstem and finally to the cerebral
cortex. Thus, theoretically, OD is supposed to be the first
symptom of PD (Haehner et al., 2007), indicating that it appears
prior to motor symptoms (Ponsen et al., 2010). Currently, OD is
considered as an indicator of the preclinical or early stage of PD
(Doty, 2012).

a-Synuclein is the major component of LBs when it
is excessively aggregated, genetically mutated, or abnormally
modified. Compared with patients with OD caused by other
diseases, no specific changes were found in the olfactory
epithelium of the nasal cavity in PD patients, indicating that
pathological changes in the brain instead of a peripheral organ
were associated with PD with OD (PD-OD) (Witt et al., 2009).
A body of evidence revealed the relevance between OD and a-
Synuclein in PD brains. For example, the first deposit of LBs in
the olfactory bulb (Ferrer et al., 2012) based on the Braak stage
of PD pathology indicated an association between PD-OD and
a-Synuclein. Furthermore, LBs were observed in the piriform
cortex of postmortem PD brains (Silveira-Moriyama et al., 2009).
Additionally, it was found that LBs in SN and the limbic system
were also related to PD-OD (Wilson et al., 2011). However, the
a-Synuclein level in cerebral spinal fluid (CSF) from PD-OD
patients and its correlation with PD-OD have not been reported.

p amyloid (AB) is the major component of neuritic plaque,
a pathological biomarker of Alzheimer’s disease (AD). In
histologically diagnosed PD patients, Ap was frequently observed
in the brain, suggesting its relationship with PD11. Another
investigation showed that AB1-42 level in CSF was significantly
lowered in those with worse OD identified by the University of
Pennsylvania Smell Identification Test (UPSIT) (Fullard et al.,

2016). However, it failed to explore the correlation between
AB1-42 level in CSF and each type of OD, including olfactory
threshold (THR), discrimination (DIS), and identification (ID)
in PD patients (Fullard et al., 2016).

Tau is a microtubule-associated protein. Over-phosphorylated
tau (P-tau) is the major component of neurofibrillary tangle,
another pathological hallmark of AD. When tau is over-
phosphorylated, it leads to the degeneration and death of neurons
(Goris et al., 2007). Tau pathology is also present in the olfactory
bulb of PD patients, demonstrating a correlation between tau
and PD-OD (Mundinano et al., 2011). It was considered that
gene-related influences on PD-OD, when present, needed time
to develop and depended upon additional factors, such as
tau-related pathology (Doty, 2012). However, the correlation
between the levels of tau pathology (T-tau and multiple
forms of phosphorylated tau (P-tau) in CSF) and PD-OD are
poorly understood.

Based on above status, this study aimed to investigate the
correlation between the levels of neuropathologic proteins,
including a-Synuclein, AB1-42, T-tau, and multiple forms of P-
tau in CSF and olfactory function, including olfactory THR, DIS,
and ID in PD patients.

METHODS

We conducted a cross-sectional study. The study was approved
by the ethics review board of Beijing Tiantan Hospital,
Capital Medical University, and written informed consent was
obtained from all 166 PD patients consecutively recruited from
this hospital.

Subjects
Inclusion Criteria for PD
Clinically established and probable PD patients were

diagnosed according to the diagnostic criteria of PD
published by the Movement Disorder Society (MDS) in 2015
(Postuma et al., 2015).

Exclusion Criteria for Participants

The exclusion criteria for participants included: (1) family history
of OD. Olfactory disorders can be inherited. For example, ciliary
disease is a type of inherited pleiotropic genetic disease. The
changes in the assembly, maintenance, and/or function of cilia
are manifested in multiple organ systems. Anosmia is a clinical
manifestation that has been confirmed in patients (Uytingco
et al., 2019). Therefore, hereditary olfactory disorders caused
by non-PD diseases may aggravate the degree of olfactory
dysfunction in individuals with PD, so that it cannot truly
reflect the real cause of a patient’s olfactory disorder, which
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may be caused by PD pathology and genetic factors. This
may exaggerate the smell of PD patients. (2) History of drug
abuse; long-time exposure to volatile substances or special
environments, including herbicides, pesticides, metal dust, acidic
gases, industrial thinners, detergents, sawdust, and mining areas;
(3) illness or surgical history of the nasal cavity or sinus;
(4) respiratory infections, such as rhinitis, bronchitis, and
pneumonia, etc., within one month; (5) chronic obstructive
pulmonary diseases; (6) other neuropsychiatric disorders, such
as AD, schizophrenia, epilepsy, and multiple sclerosis, etc.,
that affect olfactory function; (7) history of head trauma;
(8) infections, allergies, endocrine disorders, and autoimmune
diseases; and (9) in menstruation or pregnancy.

Demographic variables, including gender, age, age of
onset, disease duration, educational level, smoking, and
medications used, etc., were recorded. Particularly, the daily
dose of anti-PD drugs, including levodopa, dopamine receptor
agonist, monoamine oxidase-B inhibitor, catechol-oxygen-
methyltransferase inhibitor, and amantadine, etc., were collected.
Levodopa equivalent daily doses (LEDD) were calculated as
follows: LEDD = levodopa standard tablets x 1 + levodopa
controlled-release tablet x 0.75 + (levodopa standard tablets x
1 + levodopa controlled-release tablet x 0.75) x 0.25 (if taking
entacapone simultaneously) + piribedil sustained-release tablets
x 1 + pramipexole hydrochloride tablet x 100 + selegiline
hydrochloride tablets x 10.

Evaluation of Olfactory Function

The olfactory function of PD patients was tested by Sniffin’
Sticks from the Burghart Messtenik Company, German (product
number: LA-13-00005). A total of 112 sticks were used for the
test, in which 48, 48, and 16 were used for olfactory THR, DIS,
and ID, respectively.

Olfactory THR: participants were exposed to n-butyl alcohol
from the lowest concentration to the highest one. The THR
score was the number of Sniffin” Sticks that participants clearly
identified with the minimal concentration of n-butyl alcohol. The
lower the THR score, the worse the olfactory recognition.

Olfactory DIS: participants were instructed to figure out
the target odor that was different from the other two. The
DIS score was the number of Sniffin” Sticks that participants
correctly identified. The lower the DIS score, the worse the
olfactory discrimination.

Olfactory ID: participants were required to smell odor and
choose the right answer from the given four. The ID score was
the number of Sniffin” Sticks that participants correctly identified
with the target odor. The lower the ID score, the worse the
olfactory identification.

Overall olfactory function was obtained by summing up the
scores of THR, DIS, and ID (TDI).

OD was identified by the following criteria from a cross-
sectional study of 3,282 people by a Sniffin’ Sticks test adjusted
for sex and gender (Hummel et al., 2007). OD was established if
an individual was between 36 and 55 years old, male with a TDI
score <24.95, or female with a TDI score <28.75; if an individual
was >55 years old, male with a TDI score <19.75, or female with
a TDI score <19.05.

A total of 166 patients completed the Sniffin’ Stick test, among
which, 103 cases were divided into the PD-OD group, and 63
cases were put into the PD with no OD (PD-NOD) group.

Collection of CSF Samples

CSF samples were obtained from 76 PD patients, including 35
males and 41 females, of which demographic variables were
also collected.

Anti-PD drugs were withheld for 12-14h if the patients
condition allowed. In order to prevent the blood contamination
of CSE the lumber puncture for each patient was performed
by a professionally trained neurologist, strictly following the
standardized protocol. The first and second tubes may contain
blood, as well as tissue fragments and contaminated skin
microorganisms, thus, routinely, the third tube of CSF was
retained to ensure that the CSF was not contaminated by blood
to an acceptable degree. CSF samples from both the PD-OD
and PD-NOD groups in this study all followed this standardized
protocol, trying to avoid this potential bias. A total of 5ml CSF
was obtained through lumbar puncture in polypropylene tubes
between 7-10a.m. under fasting conditions. CSF samples were
centrifuged immediately at 3,000 rpm at 4°C. Approximately
0.5ml supernatant of CSF was aliquoted into separate Nunc
cryotubes and kept frozen at —80°C until ready for assay. Each
aliquot dedicated for each measure to avoid freeze-thawing and
protein degradation.

Measurements of Neuropathologic

Proteins in CSF

The levels of neuropathologic proteins in CSF from PD
patients were measured using an enzyme-linked immunosorbent
assay. We used the Human a-Synuclein (SNCA) ELISA Kit
(Catalog Number: CSB-E18033h) produced by CUSABIO.
According to the contents of the instructions and the company’s
response, this kit is designed for the full-length sequence of
a-Synuclein. Therefore, it can both measure monomers and
complexes, that is, total o-Synuclein was measured in this
study. The CSB-E12011h Kit for T-tau was obtained from the
Huamei Bioengineer Company (Wuhan, China). The Invitrogen-
KHB8051 Kit for P-tau (T231), Invitrogen-KHB7041 Kit for
P-tau (S199), Invitrogen-KHB7031 Kit for P-tau (S396), and
Invitogen-KHO0631 Kit for P-tau (T181) were all obtained from
the YuBo Bioscience Co. Ltd (Shanghai, China).

Data Analyses

Statistical analyses were performed with SPSS Statistics
22.0 (IBM Corporation, New York, USA). P < 0.05 was
statistically significant.

Demographic variables, the scores of olfactory THR, DIS,
and ID, and the levels of neuropathologic proteins, including a-
Synuclein, AB1-42, T-tau, and multiple forms of P-tau in CSF
were compared between the PD-OD and PD-NOD groups.

Continuous variables, if they were normally distributed, were
presented as means + standard deviations and compared by
a two-tailed f-test. Bonferroni correction was performed in
further comparisons between the PD-OD and PD-NOD groups.
Continuous variables, if they were not normally distributed,
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TABLE 1 | Demographic variables of the PD-OD and PD-NOD groups.

PD-NOD group PD-OD group P

(n =63) (n =103)
Gender 0.14
Male [case (%)] 25 (39.7%) 53 (561.5%)
Female [case (%)] 38 (60.3%) 50 (48.5%)
Age [years, (mean £ SD)] 63.00 + 12.46 62.75+£9.98  0.891
Age of onset [[(mean + SD)] 59.07 £12.96  58.25 +10.44 0.664
Disease duration [years, median 3.0 (1.0, 5.0) 3.0(2.0,5.00 0.281
(Q1, Q3)]
Educational level [case (%)] 0.415
Primary school and below 25 (39.7%) 50 (48.5%)
Middle school 26 (41.3%) 41 (39.8%)
College and above 12 (19.0%) 12 (11.7%)
Smoking rate [case (%)] 22 (34.9%) 45 (43.7%) 0.264
LEDD [mg, median (Q1, Q3)] 250 (0.0, 475.0) 300 (0.0, 568.8) 0.330

SD, standard deviation; Q1, first quartile; Q3, third quartile; PD-OD, Parkinson disease with
olfactory dysfunction; PD-NOD, Parkinson disease with no olfactory dysfunction; LEDD,
levodopa equivalent daily dose.

were presented as median (quartile) and compared by a
nonparametric test.

Discrete variables were presented as percentages, and a Chi
square test was used to make comparisons.

Spearman correlation analyses were made between the scores
of TDI, THR, DIS, and ID and the levels of neuropathologic
proteins in CSF.

RESULTS
Frequency of PD-OD

Firstly, 166 PD patients were required to describe the status of
their olfactory function, among which, 79 cases (47.6%) reported
that they had OD.

Secondly, the olfactory function of each PD patient was tested
by a Sniffin’ Sticks test. It was found that 103 out of the 166 cases
(62.0%) actually had OD.

Finally, in 103 PD patients with OD demonstrated by the
Sniffin’ Sticks test, 63 cases (61.2%) had OD before the occurrence
of motor symptoms.

Demographic Variables of the PD-OD and

PD-NOD Groups

Demographic variables of the PD-OD and PD-NOD groups were
compared (Table 1) and no significant differences in gender,
age, age of onset, educational level, smoking rate, and LEDD
were found.

Clinical Features of OD in PD Patients

In PD patients, the TDI score was 18.99 & 5.87 points, in which
the THR score was 3.50 (2.00, 5.00) points, the DIS score was 8.00
(6.00, 10.00) points, and the ID score was 7.00 (5.00, 9.00) points.

Further comparison analyses revealed that the TDI score as
well as the scores of THR, DIS, and ID were all significantly lower
than that in the PD-NOD group (Table 3).

Relationship Between Neuropathologic
Proteins in CSF and Olfactory Function in
PD Patients

The levels of neuropathologic proteins, including a-Synuclein,
AB1-42, T-tau, and multiple forms of P-tau in CSF from 76
patients were measured, among which, 52 and 24 cases were from
the PD-OD and PD-NOD group, respectively.

Firstly, a-Synuclein levels of the PD-OD and PD-NOD groups
were compared (Table 3). It was found that the a-Synuclein
level in CSF from the PD-OD group was significantly higher
than that from the PD-NOD group, indicating that the elevation
of a-Synuclein in CSF was related to PD-OD. Further analysis
indicated that a-Synuclein level in CSF from PD patients was
significantly and negatively correlated with TDI, DIS, and ID
scores, but not with THR score (Table 4), indicating that OD,
especially DIS and ID, deteriorated as the a-Synuclein level in
CSF rose.

Secondly, the levels of AB1-42 in CSF in the PD-OD and
PD-NOD groups were compared (Table3). It was observed
that the AP1-42 level in CSF from the two groups were not
significantly different. Further analysis implied that the Ap1-42
level in CSF had a significantly negative correlation with the ID
score (Table 4), suggesting that ID worsened as AB1-42 level in
CSF increased in PD patients.

Thirdly, the levels of T-tau and P-tau in CSF from the PD-
OD and PD-NOD groups were compared (Table 3). It was
revealed that the T-tau level in CSF from the PD-OD group was
significantly decreased when compared with that from the PD-
NOD group, implying that the decrease of T-tau in CSF was
associated with PD-OD. The levels of P-tau (S199), P-tau (S396),
P-tau (T181), and P-tau (T231) between the two groups exhibited
no significant differences. Thus, T-tau was associated with PD-
OD. Further analysis revealed that the T-tau level in the CSF
of PD patients had a significantly positive correlation with DIS
score (Table 4), indicating that DIS progressed as T-tau level in
CSF declined.

The total tau and a-Synuclein in CSF showed a significant
difference between the PD-OD and PD-NOD groups, but there
appeared to be significant overlap. We can see this overlap using
a box and whiskers plot (Figures 1-3).

DISCUSSION

In recent years, OD, a common non-motor symptom of PD,
has become an important research topic. Currently, it is widely
accepted that OD may play a pivotal role in predicting and
indicating the early development of PD.

In this investigation, the percentage of OD reported by the
PD patients was 47.6% (79/166 cases). However, this percentage
went up to 62.0% (103/166 cases) when olfactory function was
objectively tested by Sniffin’ Sticks and determined by the criteria
adjusted for gender and sex (Haehner et al, 2009). Although
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FIGURE 1 | The levels of T-tau in CSF from PD-OD and PD-NOD groups.
T-tau, total tau; PD-OD, Parkinson disease with olfactory dysfunction;
PD-NOD, Parkinson disease with no olfactory dysfunction.
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FIGURE 3 | The levels of AB1-42 in CSF from PD-OD and PD-NOD groups.
PD-OD, Parkinson disease with olfactory dysfunction; PD-NOD, Parkinson
disease with no olfactory dysfunction.
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FIGURE 2 | The levels of a-Synuclein in CSF from PD-OD and PD-NOD
groups. PD-OD, Parkinson disease with olfactory dysfunction; PD-NOD,
Parkinson disease with no olfactory dysfunction.

people with PD are aware of hyposmia to some extent, individuals
often overestimate their ability to smell, making self-report
an unreliable source of information (Leonhardt et al., 2019).
Olfactory function is vulnerable to multiple factors. For example,
most PD patients are elderly, so they are not sensitive to olfactory
alterations. Additionally, the decline of olfactory function may
not be evident at an early stage of PD and thus is easily ignored by
patients. Accordingly, a sensitive and objective approach should
be used for evaluating olfactory function and diagnosing PD
patients with OD. In a previous study by Haehner, the mean
disease duration was found to be 6.6 years in 400 recruited

PD patients (Haehner et al., 2009), whereas, it was 3.0 years
in the collected 166 PD patients in this study. The significantly
shortened disease duration may explain the lower ratio of PD-
OD in our study. In the study of Mahlknecht (Mahlknecht
et al., 2016), 134 patients with PD and 46 patients with atypical
Parkinsonism (23 cases of multiple system pathology, 23 cases
of progressive supramolecular palsy) were recruited, which is
different from the pure PD patients recruited in our study.
Therefore, this may account for the different ratio of PD-OD
between the two studies.

It is important to note that, in 103 PD patients with OD
identified by Sniffin’ Sticks, 63 cases (61.2%) had significant
olfactory function impairment before the occurrence of motor
symptoms, illustrating that OD is a common non-motor
symptom of PD prior to movement dysfunction (Pont-Sunyer
et al., 2015). LBs are firstly formed in the olfactory bulb and
anterior olfactory nucleus, hence, theoretically, OD may be the
first symptom of PD (Haehner et al., 2007). Clinically, doctors
should evaluate olfactory function with an objective approach for
the population with a high risk of PD, and provide valuable cues
for the early diagnosis of PD.

By comparing demographic variables, no significant
difference was found between the PD-OD and PD-NOD
groups (Table 1), indicating that gender, age, age of onset,
educational level, smoking rate, and dopaminergic drugs were
not involved in PD-OD.

The above demographic variables were also compared
between the PD-OD and PD-NOD groups for the subjects
with CSF samples collected (Table2). Although the results
also indicated no significant differences, patients who had CSF
samples collected seemed to be slightly younger, had a marginally
earlier onset of age, a shorter disease duration, and lower LEDD,
implying that younger patients and those in the early stage of PD
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TABLE 2 | Demographic variables of patients with CSF in the PD-OD and
PD-NOD groups.

PD-NOD group  PD-OD group P

(n =24) (n =52)
Gender 0.131
Male [case (%)] 8(33.3%) 27 (51.9%)
Female [case (%)] 16 (66.7%) 25 (48.1%)
Age [years (mean + SD)] 60.00 + 12.27 60.69 + 11.65 0.743
Age of onset [(mean + SD)] 56.70 + 12.33 57.40 £ 11.74 0.814
Disease duration [years, median 2.75 (1.0, 4.0) 3.0(1.32,4.75) 0.577
(Q1, Q3)]
Educational level [case (%)] 0.821
Primary school and below 11 (45.8%) 27 (52.0%)
Middle school 9 (37.5%) 19 (36.5%)
College and above 4 (16.7%) 6 (11.5%)
Smoking rate [case (%)] 7 (29.2%) 23 (44.2%) 0.212

LEDD [mg, median (Q1, Q3)] 100 (0.0, 393.75) 287.5 (0.0, 487.5) 0.652

SD, standard deviation; Q1, first quartile; Q3, third quartile; PD-OD, Parkinson disease with
olfactory dysfunction; PD-NOD, Parkinson disease with no olfactory dysfunction; CSF,
cerebrospinal fluid; LEDD, levodopa equivalent daily dose.

TABLE 3 | Offactory function between the PD-OD and PD-NOD groups.

PD-NOD group PD-OD group P

(n =63) (n =103)

Olfactory TDI [point, (mean £ SD)]  24.11 £ 3.92 16.10 +£4.71  <0.001**
THR [point, median (Q1, Q3)] 5.0 (3.5, 6.0) 3.0(2.0,4.0) <0.001**
DIS [point, median (Q1, Q3)] 10.0(9.0,11.00 7.0(6.0,9.00 <0.001*
ID [point, median (Q1, Q3)] 9.0(7.0, 10.5) 6.0(4.5,7.00 <0.001*

P < 0.01; TDI, threshold, discrimination and identification; THR, threshold; DIS,
discrimination; ID, identification; SD, standard deviation;, Q1, first quartile; Q3, third
quartile; SD, standard deviation; PD-OD, Parkinson disease with olfactory dysfunction;
PD-NOD, Parkinson disease with no olfactory dysfunction.

preferred to accept an invasive lumber puncture, while the older
and severer PD patients had more difficulties in completing it.

In this investigation, olfactory TDI score and the scores of
olfactory THR, DIS, and ID in the PD-OD group were all
significantly lower than that in the PD-NOD group (Table 3). A
previous study reported that OD manifested as comprehensive
impairments of olfactory THR, DIS, and ID, in which, olfactory
DIS and ID impairments occurred earlier and were more
severe (Doty, 2012). However, another investigation showed
that olfactory DIS and ID were evidently compromised while
olfactory THR was unchanged in some PD patients (Whitcroft
et al.,, 2017). The results from the investigations above varied,
which might be accounted for the differences in the stage
and duration of PD patients and the methods of evaluating
olfactory function.

a-Synuclein consists of 140 amino acids and a-Synuclein-
containing LBs are a pathological hallmark of PD. It was
reported that the total a-Synuclein level declined, while the
a-Synuclein oligomer level was elevated in CSF from PD

patients (Parnetti et al., 2014). The Braak stage of PD pathology
revealed a close correlation between OD and a deposit of a-
Synuclein. However, no investigation focused on the change
of a-Synuclein in CSF from the PD-OD population. In this
study, the a-Synuclein level in CSF from the PD-OD group was
significantly higher than that in the PD-NOD group (Table 4),
indicating a massive deposition and release of a-Synuclein
from olfaction-related brain regions to CSF. Under physiological
conditions, a-Synuclein plays a role in regulating the release of
neurotransmitters and maintaining synaptic plasticity without
damaging neurons. However, when it is misfolded, the formed
pathological a-Synuclein or Lewy bodies (LBs) exert a neurotoxic
effect on neurons. The pathological aggregation of a-Synuclein
and the inflammatory response interact with each other,
that is, the abnormal aggregation of a-Synuclein can cause
neuroinflammation, and the neuroinflammatory response can
further accelerate the abnormal aggregation of a-Synuclein
(Caggiu et al.,, 2019). This vicious cycle may result in a large
amount of a-Synuclein accumulation in the olfactory bulb. A
variety of nerve cells in the brain, including neurons, astrocytes,
microglia, etc., can eliminate extracellular a-Synuclein through
endocytosis, but this process has not been fully elucidated. Both
in vivo and in vitro studies have shown that toll-like receptors
(TLRs) have different phagocytosis effects on different forms
of a-Synuclein. TLR2 in microglia can bind with a-Synuclein
oligomers and phagocytize them (Kim et al., 2013), while TLR4
is necessary for the phagocytosis of fibrous a-Synuclein, and
the lack of TLR4 can impair the endocytosis of microglia,
decreasing the clearance of a-Synuclein and aggravation of
neurodegeneration (Stefanova et al., 2011). Activated microglia
significantly reduce the efficiency of a-Synuclein degradation
(Lee et al., 2008; Stefanova et al., 2011). In addition, astrocytes
can degrade a-Synuclein through the lysosomal pathway after
taking up o-Synuclein, but when the uptake of a-Synuclein
by astrocytes exceeds a certain amount, lysosomal metabolism
is restricted (Lindstr m et al, 2017). Therefore, at the early
stage of neuroinflammation, glial cells benefit from clearing a-
Synuclein. As time goes by, the impaired physiological functions
of glial cells reduce a-Synuclein clearance, and thus elevate the
a-Synuclein level, causing the progression of PD. In this study,
the PD-OD group had a longer course of disease compared
with the PD-NOD group (averagely, 3 vs. 1 years), which may
explain the significantly elevated a-Synuclein level in CSF due
to the compromised physiological function of glial cells, and
subsequently eliminated a-Synuclein clearance.

Parnetti et al. (Parnetti et al., 2019) pointed out that the
decreased total a-Synuclein level in CSF can be used as a marker
of Synuclein-opathy, and the increased a-Synuclein level can be
used as a non-specific marker of synaptic damage. In addition,
PD patients with high levels of total a-Synuclein in CSF have
a faster decline in motor function, implying that the increased
total a-Synuclein level in CSF may also predict the adverse
outcome of PD patients. Therefore, the dual changes of total
a-Synuclein level in CSF increases the complexity of analyzing
and interpreting its results. Hence, total a-Synuclein level in CSF
does not seem to be a reliable diagnostic marker for PD, while
a study focusing on the more pathophysiological-specific species
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TABLE 4 | The levels of neuropathologic proteins in CSF from the PD-OD and
PD-NOD groups.

TABLE 5 | Correlation analyses between the levels of neuropathologic proteins
and the score of olfactory function in PD patients.

PD-NOD group PD-OD group P o-Synuclein AB1-42 T-tau

(n=24) (n =52) r P r P r P
a-Synuclein (ng/ml, mean + SD) 10.08 £+ 3.22 13.55 £ 3.93 < 0.001* TDI —0.261 0.030* —0.205 0.107 0.132 0.329
AB1-42 (ng/ml, mean + SD) 0.74 + 0.28 0.84 +0.34 0.23 THR —0.138 0.26 —0.047 0.716 0.157 0.243
T-tau (pg/ml, mean + SD) 163.93 + 42.99 138.33 + 40.30  0.031 DIS —0.262 0.030* —0.105 0.412 0.267 0.041*
P-tau (S199) (pg/ml, mean £ SD)  10.65 + 4.25 11.06 £+ 7.03 0.802 ID 0.307 0.010* —0.259 0.037* —0.58 0.695
P-tau (S396) (pg/ml, mean £ SD)  72.50 + 29.81 71.02 £ 26.01  0.834 o o

*P < 0.05; TDI, threshold, discrimination and identification; THR, threshold; DIS,

P-tau (T181) (pg/ml, mean £ SD) ~ 67.33 £ 31.54  74.24 +£30.13  0.384 discrimination; ID, identification; AB, B amyloid: T-tau, total tau; PD-OD, Parkinson disease
P-tau (T231) (pg/ml, mean + SD) 147.83 £ 68.22 174.97 +£85.88  0.207 with olfactory dysfunction; PD-NOD, Parkinson disease without olfactory dysfunction.

*P was significant after Bonferroni correction. AB, B amyloid; T-tau, total tau; P-tau,
phosphorylated tau; SD, standard deviation; Q1, first quartile; Q3, third quartile; PD-
OD, Parkinson disease with olfactory dysfunction; PD-NOD, Parkinson disease with no
olfactory dysfunction.

of a-Synuclein, and the combination of total a-Synuclein with
other biomarkers in CSF may provide promising results. The data
from the current investigation suggest that as the course of PD
advances, the level of total a-Synuclein in CSF is increased, which
may be related to the OD of PD patients.

a-Synuclein might cause damage to synapse function
(Mundinano et al, 2011), disrupt signal transduction, and
eventually lead to the degeneration and death of neurons in
olfaction-related brain regions, such as the olfactory bulb, etc.
Further correlation analyses demonstrated that, with a-Synuclein
level in CSF elevated, olfactory DIS and ID of PD patients
were dramatically damaged, whereas olfactory THR was not
significantly impaired (Table 5). Neuropathological results from
postmortem studies showed abnormal a-Synuclein deposition in
olfaction-related regions of PD brains, such as the olfactory bulb,
anterior olfactory nucleus, olfactory tubercles, piriform cortex,
anterior area of entorhinal area, and orbitofrontal cortex, etc.,
especially in the temporal part of the piriform cortex (Silveira-
Moriyama et al., 2009; Duda, 2010). However, in the peripheral
part of the olfactory pathway, such as the olfactory cells and their
nerves, abnormal a-Synuclein deposition or LBs formation was
not found. a-Synuclein expressed in olfactory mucosa among
individuals with PD and other neurodegenerative diseases as
well as normal elderly people were not significantly different
(Duda et al, 1999). Thus, a-Synuclein might mainly cause
damage to the function of the olfactory cortex, such as DIS and
ID, but not to the function of peripheral olfactory structure,
such as THR.

AP pathology was reported to be associated with non-motor
symptoms of PD. AP level in CSF was related to memory
impairment in PD patients with dementia (PDD) (Mollenhauer
et al,, 2006). In a 3-year prospective study for PD patients, when
the number of correct answers of six odors (lumber, menthol,
Japanese orange, gas for household use, Hinoki cypress, and
condensed milk) by Open Essence and Jet Stream Olfactometry
was four or less, there was a possibility that MMSE declined
in 3 years (Fujio et al,, 2019). Ap 1-42 levels in CSF from PD
patients with fatigue were significantly lower than those without

fatigue (Zuo et al., 2016).Cognitive decline occurs with prolonged
disease duration. Increasingly activated microglia produce a large
amount of neuroinflammatory factors and subsequently initiate
the formation and deposition of AB1-42 in PD brains, causing
the decrease of AB1-42 in CSF. Different from cognitive decline,
olfactory dysfunction is the earliest symptom according to the
Braak stage of PD pathology. Moreover, PD patients recruited
in this study were in an earlier stage of disease with the average
duration of 3 years. It was found that AP1-42 level in CSF from
the PD-OD group was elevated, indicating a smaller deposition
of AB1-42 in the brain of the PD-OD group. We speculated that
the increase of AB1-42 may be compensation for the patients in
the early stage of PD. Although results from this investigation
(Table 4) did not support the finding reported by a previous
study showing a decline of AB1-42 in CSF from PD patients
with worse olfactory function by UPSIT, AB1-42 level in CSF was
significantly and negatively correlated with ID score, suggesting
that ID worsened as AB1-42 level in CSF increased (Table 5). The
data imply a potential role for AB1-42 in the olfactory function
of PD. Different from other non-motor symptoms of PD, AB1-
42 level in CSF was increased in OD, this mechanism needs
further investigation.

tau contributes to the integrity of the cytoskeleton under
normal conditions. Elevation of T-tau is indicative of axonal
damage in AD patients. P-tau mainly includes P-tau (5199), P-tau
(S396), P-tau (T181), and P-tau (T231). Excessive P-tau results
in the impairment of cell integrity, loss of physiological function,
and the eventual degeneration and death of neurons, thus playing
an important role in neurodegenerative diseases, such as PD. It
was reported that tau was increased in PDD patients (Andreasson
et al., 2007). However, in PD patients at an early stage, the T-
tau level and the P-taul81 level in CSF was significantly declined
(Kang et al., 2013). It was observed that Tal-3RT transgenic mice
over-expressing tau in the olfactory bulb exhibited evident OD
(Gill et al., 2008). Additionally, an investigation reported that
tau level in the anterior olfactory nucleus was associated with
LB formation in the amygdalae nucleus and entorhinal cortex,
both of which are pivotal olfactory regions in brain (Takeda et al.,
2014). The above data indicate that tau might be related to PD-
OD. There was no investigation into the correlation between
OD and the levels of T-tau and multiple forms of P-tau in CSF.
Here, compared with the PD-NOD group, the T-tau level in
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CSF from the PD-OD group significantly declined (Table 4), and
the decreased T-tau level in CSF was significantly and positively
correlated with the declination of DIS (Table 5), implying that the
decrease of T-tau in CSF might result from the increase of T-tau
in the brain and lead to DIS. We failed to discover that OD was
related to the levels of P-tau (S199), P-tau (S396), P-tau (T181),
and P-tau (T231) in CSF from PD patients (Table 4). This might
suggest that P-tau-containing neurofibrillary tangles were not the
neuropathological mechanism of PD-OD, or the sample size was
not sufficient.

A limitation of this study is the relatively insufficient CSF
samples. It was difficult to obtain CSF from PD patients who were
old, combined with low intracranial pressure, spinal deformity,
and bone hyperplasia, etc. We will be collecting CSF from PD
patients to confirm the conclusion of this study in the future.

In summary, PD patients have a high frequency of OD,
objective testing by Sniffin’ Sticks is valuable for identifying more
PD patients with OD, as most PD patients have significantly
impaired olfactory function before the onset of motor symptoms.
The OD of PD patients includes impairments of olfactory THR,
DIS, and ID. PD-OD may be correlated with the elevation of
a-Synuclein and the decrease of T-tau in CSF. Results from
this investigation indicate the clinical features and potential
neuropathologic mechanism of PD-OD.
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