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Abstract
Recently, α-synuclein (α-syn) and DJ-1, two proteins critically involved in Parkinson’s disease
(PD), have been shown to be present in saliva, suggesting their potential utility as biomarkers of
PD. However, the origin and influence of demographic characteristics (e.g., age or gender) on
these proteins are unknown. We identified cheek epithelium, which forms the majority of the
cellular component of saliva and is readily accessible clinically, as one of several potential sources
of salivary α-syn and DJ-1. However, no PD-related trend in the cellular component was present.
In the supernatant collected from 198 healthy subjects, no correlation was seen between salivary
DJ-1 or α-syn with age. When male and female subjects were analyzed separately, a weak age-
dependent increase in DJ-1 level was present in male subjects, along with slightly increased α-syn
in female subjects. These results, though largely negative, provide critical information for
understanding the salivary gland pathology and saliva as a PD biomarker source, and must be
considered in future investigations of salivary changes in PD.

© 2013 Elsevier Inc. All rights reserved.

Corresponding author: Jing Zhang, MD, PhD, Division of Neuropathology, Harborview Medical Center, University of Washington
School of Medicine, BOX 359635, 325 9th Avenue, Seattle, WA 98104-2499, Phone: (206) 897-5245, Fax: (206) 897-5249,
zhangj@u.washington.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Neurobiol Aging. Author manuscript; available in PMC 2015 February 01.

Published in final edited form as:
Neurobiol Aging. 2014 February ; 35(2): . doi:10.1016/j.neurobiolaging.2013.08.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
Parkinson’s disease; Neurodegeneration; Movement disorder; α-synuclein; DJ-1; Saliva;
Biomarker

1. Introduction
Development of therapeutic treatments for Parkinson’s disease (PD) is hindered by the lack
of robust, non-invasive biomarkers, especially for early disease stages. Recent work
demonstrating Lewy body pathology in the salivary glands (Beach et al., 2010, Cersosimo et
al., 2010, Del Tredici et al., 2010) suggests that saliva may yield readily accessible
biomarkers for PD. We previously identified two PD-related proteins, DJ-1 and α-synuclein
(α-syn), in human saliva (Devic et al., 2011). Further, we observed a trend toward increasing
DJ-1 and decreasing α-syn in PD patients compared to controls, supporting the potential for
identification of salivary biomarkers for PD. In order to characterize the variables
contributing to salivary distribution of DJ-1 and α-syn in saliva, this study investigated
potential sites of their origin, tested whether their levels in the cellular saliva component
distinguish between control and PD subjects, and examined demographic effects on their
concentration in a cohort of healthy subjects.

2. Methods
Immunohistochemical staining was performed to visualize DJ-1 and α-syn, along with
neurofilament, in cheek and submandibular glands obtained at autopsies of three subjects
without neurological diseases. Whole saliva was collected from healthy subjects across a
wide age range, as well as PD patients and age-matched controls, as previously described
(Devic et al., 2011). DJ-1 and α-syn were measured in lysate obtained from the cellular
component of saliva from PD patients and controls as well as in the acellular component of
saliva from healthy subjects. Analyses were performed using PASW Statistics 18.0 (SPSS,
Inc, Chicago, IL). Non-parametric tests (Mann-Whitney) were used to analyze differences in
the distribution by sex of DJ-1 and α-syn in saliva supernatants and pellets. Linear
regression was used to examine the relationships between age and analytes. Power analysis
was carried out using R v. 2.15.2. See supplemental Methods for further details.

3. Core Results
DJ-1 was clearly present in cheek squamous epithelium (Fig 1A), as well as underlying
muscle, nerve, and vascular structures (Fig 1F). In contrast, the basal cheek epithelial layer
stained for α-syn (Fig 1B), but superficial layers and underlying tissue did not (not shown).
We further examined the distribution of both proteins in submandibular glands of subjects
without neurodegenerative disease. We observed DJ-1 staining throughout the gland and
innervating nerve fibers (Fig 1E), and α-syn in the nerve but not the gland (Fig 1D), similar
to the distribution of neurofilament (Fig 1C).

DJ-1 and α-syn are detectable in both cellular (pellet) and acellular (supernatant)
components of saliva. Because multiple potential sources may contribute to DJ-1 and α-syn
in saliva, we chose to determine whether the most proximal (i.e., within the mouth) and
clinically accessible source, the cheek epithelial cells, can differentiate between PD patients
and control subjects. With optimized assays, we measured DJ-1 and α-syn in lysate from
cellular pellets obtained from the same subjects described in our previous study (Devic et
al., 2011), and found that, while both proteins were easily detectable in cell pellet lysate, no
significant alterations in either analyte were observed (Suppl Fig 1). Power analysis
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suggested that this sample size was sufficient to detect a moderate (0.5) effect size with 63%
power at 0.05 significance level.

Because these results suggest that the previously observed trends are largely driven by
protein in the acellular component, we investigated the effects of demographic
characteristics on DJ-1 and α-syn in saliva supernatants obtained from 198 healthy subjects
(Table 1). Although female subjects had higher average values of both analytes, the
difference was only significant for α-syn (Suppl Fig 2). A weak association with age was
observed for DJ-1 in males, but not females or the combined group. No association with age
was observed for α-syn (Suppl Fig 3). Tests were sufficiently powered to detect gender
differences (effect size 0.5) and/or correlations with age (R=0.2) with at least 80% power at
a 0.05 significance level.

4. Discussion
We demonstrated the presence of DJ-1 and α-syn in cheek epithelial cells; however, no
differences were found in comparing the saliva cellular components of PD patients and
control subjects. This study, powered to detect moderate to large effects, cannot exclude
subtle alterations, which might be revisited if larger cohorts become available. Additionally,
while these negative results may eliminate the possibility of cheek cells as a potential
sample source for PD diagnosis, at least for total DJ-1 and α-syn, variant forms of these
proteins, such as phosphorylated α-syn (e.g., pS129, the form in SMG found to be useful in
detecting PD by Beach and colleagues) or secreted protein (Devic et al., 2011) that might
arise from the innervating nerve fibers in the gland, may still prove to be excellent PD
biomarkers. While the roles of both proteins in PD pathogenesis have been extensively
investigated, their function in peripheral tissues, especially in non-neuronal tissues, as well
as the effects of their aggregation in peripheral systems, warrants further investigation.
Moreover, given the high expression of both proteins in the nerves innervating the gland,
secreted forms need to be pursued preferentially in future studies. To this end, in acellular
saliva from healthy subjects, we found slightly higher concentrations of both analytes in
female subjects, but the difference was significant only for α-syn. We found no correlation
between age and either analyte, though a small correlation was observed for DJ-1 if the
group was restricted to males only. These correlations, though subtle, need to be considered
in future investigations.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Expression of DJ-1 and α-syn in cheek and submandibular gland (SMG). A) DJ-1 and B) α-
syn in cheek epithelium. C) Neurofilament in nerve in SMG. D) α-syn in SMG is localized
to nerve. E) DJ-1 is expressed throughout the SMG, including gland (arrowhead) and nerve
fibers (arrow). F) DJ-1 expression throughout cheek epithelium, nerve, muscle and
vasculature in cheek biopsy. All samples collected at autopsy from subjects without
neurological disease.
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Table 1

Demographic distribution and DJ-1/α-syn levels of subjects. Analytes reported as pg/μg total protein ±
(standard deviation).

N Age, average (range) DJ-1 (pg/μg total protein ± SEM) α-syn (pg/μg total protein ± SEM)

Total 198 54.9 (24–88) 184.4 ± 10.2 0.37 ± 0.02

Male 137 56.9 (24–88) 179.8 ± 11.8 0.34 ± 0.02

Female 61 50.6 (32–67) 194.8 ± 19.7 0.45 ± 0.05
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