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Summary

The detection of cutaneous phosphorylated alpha-synuclein (P-syn) in patients with Parkinson’s disease (PD) has ranged
from 30% to 100% across different studies. We hypothesize that part of the variability in P-syn detection is due to
methodological differences using sections of different tissue thickness. Three skin biopsies were obtained from 29
individuals with PD and 21 controls. Tissues were cut into 10-, 20-, and 50-pm-thick sections and double-stained with
protein gene product (PGP) 9.5 and P-syn. We quantified the deposition of P-syn with and without PGP 9.5 in sweat glands,
pilomotor muscle, and blood vessels using confocal digital images of autonomic structures. Overall, the P-syn-positive rates
with PGP 9.5 colocalization in subjects with PD were 100% using 50 um sections, 90% using 20 pm sections, and 73% using
10 um sections with 100% specificity. (No P-syn was detected within control subjects.) Without PGP 9.5, colocalization of
the P-syn-positive rates was 100% for all samples, but specificity dropped below 70%. In this study, double-immunostained
50 pm skin biopsy tissue sections are superior to 20 and 10 pm tissue sections at detecting P-syn in subjects with PD. The
increased sensitivity is likely secondary to a combination of greater volume of tissue analyzed and improved visualization
of nerve fiber architecture. (] Histochem Cytochem 68: 669-678, 2020)
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Introduction

Phosphorylated alpha-synuclein S129 (P-syn) is an
insoluble protein aggregate of the oligomeric form of
a-synuclein and is one of the key proteins in the
pathogenesis of neurodegenerative “synucleinopa-
thies,” including Parkinson’s disease (PD), multiple
system atrophy, Lewy body dementia, and pure auto-
nomic failure.’ Alpha-synuclein pathology is closely
associated with nerve degeneration.*® Synuclein
pathology has traditionally been restricted to detec-
tion within the central nervous system, limiting the
diagnostic utility of this protein in vivo. Recent derma-
topathological advances have enabled detection of
P-syn from within cutaneous autonomic nerve fibers
obtained by simple skin punch biopsies.®® However,
the rates of detecting P-syn from skin biopsies of

patients with PD have ranged widely from 30% to
100% across different studies.®-'* The significant dif-
ferences in detection of P-syn between publications
highlight the potential impact of methodological vari-
ations on outcomes.

In the review of published studies, skin biopsies
of various thicknesses ranging from 5 to 50 ym are
included across different publications of P-syn.?10.14-17
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P-syn is frequently detected within autonomic sub-
structures in the skin, such as sweat glands or pilo-
erector muscles.'®'® The autonomic substructures are
not always detected within skin tissue samples, and
because of the increased likelihood of P-syn detection
within these structures, we hypothesized that thicker
tissue sections would increase the detection rate of
P-syn within skin punch biopsies compared with thin-
ner tissue sections.

The aim of this study was to compare P-syn detec-
tion rates across tissue sections of different thickness
to successfully define the optimal method for analysis.

Materials and Methods

Subjects with a known diagnosis of PD confirmed by a
movement disorder specialist were recruited from the
neurology practices at Beth Israel Deaconess Medical
Center. Healthy control subjects, with no known car-
diac, neurodegenerative, or dermatological medical
conditions, of similar age and gender distribution were
recruited from our local referral patterns. All subjects
signed an informed consent approved by the institu-
tional review board. All study subjects underwent
detailed history and neurological examination, includ-
ing Movement Disorder Society Unified Parkinson
Disease Rating Scale (MDS-UPDRS) scoring.2°

Skin punch biopsies 3 mm in diameter and 3 to 4
mm in depth were obtained from the lateral distal leg,
distal thigh, and proximal thigh after local anesthesia
with 2% lidocaine. Skin biopsy specimens were fixed
in Zamboni solution (2% paraformaldehyde-lysine-
periodate) for 18 hr and cryoprotected overnight (20%
glycerol and 20% 0.4 M Sorensen buffer). The skin
biopsy was cut with a cryostat (Leica CM 3050 S;
Leica Microsystem, NuBloch, Germany) at —25C into
10, 20, and 50 um sections to include both epidermal
and deeper dermal tissue. The 10- and 20-um sec-
tions were collected and subsequently mounted on
microscope slides (SuperFrost plus; Thermo Scientific,
Waltham, MA) previously coated with an adhesive
(DAKO No. S 2024). They were air-dried and sub-
sequently stored at —80C. The 50-um sections were
subsequently stored in 96-well plates with antifreeze
solution (30% glycerol, 30% ethylene glycol, 30%
ddH,0, and 10% PBS)?' at —20C. Five tissue sections
of each thickness (10, 20, and 50 pm) from each skin
biopsy were analyzed.

Immunohistochemistry Protocol

To improve antigen retrieval, we compared several
methods for each tissue thickness to determine the
optimal approach. Skin sections were treated in low

concentrations of proteinase K (5, 10, or 20 pyg/ml in
TE buffer containing 50 mM Tris base, 1 mM EDTA,
0.5% Triton X-100, pH 8.0, and incubated at room tem-
perature for 1, 5, and 10 min, respectively). Proteinase
K treatment damaged the small nerve fibers within the
skin at very low concentrations, so it was determined
not to be a viable solution for antigen retrieval. Slide-
mounted thin sections and free-floating thick sections
were placed in citrate buffer (10 mM, pH 6.4) and
microwaved at 800 W for 5 min (95—-100C). The free-
floating 50-pm-thick sections were severely damaged
by microwave heating, but slide-mounted sections
had excellent antigen retrieval on testing. Free-floating
thick sections and slide-mounted sections were treated
with formic acid (30%) as an alternative approach; this
approach worked with free-floating sections but was
not as effective for slide-mounted sections (compared
with the microwave technique). All antigen retrieval
methods were compared using full immunohistochem-
ical staining protocols and compared with the same
tissue thickness from the same patient samples. The
optimal antigen retrieval method was selected based
on quality review of dermal nerve fibers (stained by
PGP9.5) within pilomotor, sudomotor, and vasomotor
structures based on nerve fiber continuity, visibility, tis-
sue disruption, and ease of quantification. The optimal
antigen retrieval protocol for the 50-um sections was
treatment with formic acid (30% in ddH,0) for 30 min
at room temperature and washing with TBS 3x for 10
min at room temperature. The optimal antigen retrieval
method for the slide-mounted 10- and 20-um sections
was placement in citrate buffer (10 mM, pH 6.4), fol-
lowed by microwave (800 W, 95-100C for 5 min), cool-
ing, and washing with TBS (50 mM, pH 7.4, with 2%
Triton X-100) 3x for 10 min at room temperature.

In an initial series of tests, we examined the following
antibodies against P-syn: Abcam (rabbit, monoclonal
[#51253] and polyclonal [#59264]; mouse monoclonal
[#168381]), Wako (mouse, monoclonal [#015-25191]),
Chemicon (rabbit, polyclonal [#AB9850]), Prothena
(mouse, monoclonal [#11A5]), and Covance (mouse,
monoclonal [#MMS-5091]). We determined that anti-
bodies from Abcam, Chemicon, Prothena, Wako, and
Covance worked, but that the Covance antibody pro-
vided the most reliable and repeatable data and the
best visual contrast in the detection of P-syn (unpub-
lished data).

After antigen retrieval, fluorescent immunostain-
ing was performed using our previously published
technique for covisualizing total nerve fibers.22 We
used the pan-axonal marker PGP (PGP 9.5, rabbit
polyclonal; RA95101, 1:10,000; UltraClone, Wellow,
UK) and anti-P-syn (P-syn, mouse monoclonal;
MMS-5091, 1:500; Covance, Princeton, NJ). Briefly,
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the slide-mounted thin sections of 10 and 20 um were
stained in an incubation chamber, and the free-float-
ing 50-um-thick sections were processed in 96-well
plates on horizontal shaker at a speed of 50 cycles/
min at room temperature. The tissues were incubated
in block solution (5% bovine serum albumin, 5% nor-
mal goat serum, and 2% Triton X-100 in 50 mM TBS)
for 2 hr at room temperature. Tissue sections were
placed in primary antibody solution for 24 hr, at room
temperature, followed by incubation in solution contain-
ing biotin-conjugated anti-mouse (715-065-151, 1:500;
Jackson ImmunoResearch Lab, West Grove, PA)
for 2 hr at room temperature and then visualized with
streptavidin-conjugated fluorescence dye Cy3 (016-
160-084, 1:500; Jackson ImmunoResearch Lab). After
washing with TBS, the same tissue sections were incu-
bated with rabbit anti-PGP in primary antibody solution
for 12 hr at room temperature and then visualized with
anti-rabbit conjugated fluorescence dye Cy2 (711-226-
152, 1:200; Jackson ImmunoResearch Lab) for 2 hr at
room temperature. All the secondary antibodies were
incubated in TBS with 5% normal serum. All the slides
and sections were washed with TBS 3x for 10 min after
each incubation. Negative controls using no primary
P-syn antibody to detect potential background and
artifacts were included in the protocol. After staining,
all floating stained 50 pm sections were mounted on
slides and air-dried, and all slides were covered with
an aqueous mounting medium (P36974; ThermoFisher
Scientific, Waltham, MA).

Confocal Imaging

All stained sections were initially examined under a
fluorescent microscope (Zeiss-Axioplan2; Carl Zeiss
Microscopy, Jena, Germany), with areas of interest
imaged by confocal microscopy (Zeiss LSM5 Pascal
Exciter; Carl Zeiss). A series of images of optical sec-
tions was acquired at 2 um intervals throughout the
depth of the 50-um section as a Z-stack (Lens Plan-
Apochromat 20/0.8; Carl Zeiss). All regions of interest
were identified and graded by two trained experts in a
blinded manner.

Identification of Positive Fibers and Reporting of
Results

Slides were de-identified and all investigators were
blinded to study subject diagnosis. To ensure agree-
ment, the following criteria were applied for interpreta-
tion of P-syn results:

1. P-syn-positive fibers must be completely colo-
calized within PGP 9.5—-positive fibers (i.e.,

areas of P-syn that did not colocalize were
defined as artifact).

2. P-syn-positive fibers must be clearly visible with
adequate signal intensity.

3. P-syn fibers must track within the PGP 9.5—pos-
itive fibers in and out of the plane of focus.

4. The images for analysis must be taken by single-
frame confocal scanned image to prevent the
projection of artifacts onto PGP-positive fibers.

5. Any areas of tissue damage (including crush
artifact during the biopsy procedure or stain-
ing artifact during immune processing) were
excluded.

Grading of P-syn deposition for all tissue sections
was developed using the following standard: 0, no vis-
ible P-syn staining; 1, faint P-syn staining, unable to
convincingly distinguish from artifact; 2, bright P-syn
deposits that colocalized with PGP 9.5—positive fibers;
3, very bright and clear P-syn fibers that colocalized
with PGP 9.5—positive fibers. Only P-syn staining
grades achieving level 2 or 3 were considered “posi-
tive.” The number of positive results was noted for each
cutaneous dermal structure for each tissue section for
each biopsy. For example, if one or more P-syn-positive
fibers (grades 2-3) are found to innervate as single
pilomotor muscle, the pilomotor muscle is defined as a
“one” P-syn-positive structure. A second, separate pilo-
motor muscle with one or more P-syn-positive fibers
would count as a second P-syn-positive structure. We
report the number of P-syn-positive structures across
sweat glands, pilomotor muscles, and blood vessels
found in skin biopsies. Results are reported for each of
the 10-, 20-, and 50-um tissue sections. For each
biopsy, five sections at each of the three thicknesses
were analyzed for a total of 15 tissue sections.

Intraepidermal nerve fiber density (IENFD) was
calculated using standard methodology with 50 pum
florescent immunostained nerve fibers. A total of four
tissue sections from each biopsy site were counted.
Results are reported for PD and control subjects as
nerve fibers/millimeter.23:24

All the samples from the PD and control subjects
were reviewed in a blinded fashion at a later date using
only immunofluorescent imaging for P-syn (without
using PGP 9.5 colocalization) to determine rates of
synuclein detection in PD and control subjects using
single immunohistochemical imaging. These results
are reported separately from the colocalized data.

Statistics

Results are presented as the mean ratio of P-syn-
positive structure to total structures found and standard
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deviation for each parameter (the total number of
P-syn-positive structures was normalized to the num-
ber of cutaneous substructures identified). The results
were assessed for normal distribution by the
Kolmogorov—Smirnov test. If normally distributed, the
rate of positive structures to total structures obtained
with sections of different thickness across different
biopsy sites was compared by multivariate analysis of
variance (MANOVA) with Bonferroni corrections for
multiple pairwise tests. If not normally distributed,
results were assessed through Kruskal-Wallis test.
Unpaired t-tests were used to compare nerve fiber
densities between PD and control subjects (only
50-um-thick sections were used for nerve fiber density
calculations). A p value <0.05 was considered to be
statistically significant. Sensitivity, true positive/(true
positives + false negatives), and specificity, true nega-
tives/(true negatives + false positives), were calculated
by biopsy site and by disease state.

Results
Demographics

A total of 29 individuals (16 males and 13 females)
with PD were included in this study. The mean age
was 66.3+7.7 years. The mean duration of PD was 5.5
+ 5.1 years. The Hoehn and Yahr score was 2.5 + 0.8
(range, 1-4) with an MDS-UPDRS motor subscore
(part 3) of 29.4 + 11.2. A total of 21 control subjects (12
males and 9 females) were included with a mean age
of 62.6 + 10.7 years.

Detection of P-syn

The double fluorescent staining using P-syn and PGP
9.5 provided clear evidence of P-syn-labeled fibers in
both the thick and thin tissue sections as can be seen
in Fig. 1. In tissues of all thicknesses, the P-syn-positive
fibers were detected within nerves of pilomotor mus-
cles, blood vessels, and sweat glands. P-syn was not
detected within epidermal nerve fibers.

The P-syn-positive autonomic fibers in PD subjects
were identified most frequently in blood vessels, fol-
lowed by pilomotor muscles and least often in sweat
glands in both thick and thin sections. However, there
were no differences in the rate of P-syn-positive struc-
ture (see section “ldentification of Positive Fibers”)
across the three biopsy locations (the distal leg, distal
thigh, and proximal thigh). Subjects with PD had evi-
dence of reduced nerve fiber densities compared with
control subjects, particularly in distal biopsy sites
(Table 1). Despite the distal denervation, P-syn-
positive fibers were detected even in biopsies with

severely reduced innervation. A summary of IENFD
results is reported in Table 1, and a summary of P-syn
results is reported in Table 2.

The Impact of Tissue Thickness on P-syn
Visualization

The quality of immunohistochemical double staining
with PGP 9.5 and P-syn was similar in both thick and
thin tissue sections. For those viewing slides under the
microscope, P-syn-positive fibers were more easily
detected in thicker sections, compared with thinner
sections (Fig. 1). Thicker 50 pm tissue sections tended
to preserve the continuity of P-syn within nerve fibers,
allowing easier tracking of the nerve fiber through the
tissue. In contrast, the P-syn within 10-pym-thick tissue
sections would appear as segments of nerves or “dots”
and not nerve fiber structures, thereby reducing the
ease of visual identification and increasing the diffi-
culty of distinguishing from artifact.

A summary of the overall results from the P-syn-
positive fibers is shown in Table 2. The 50-pm tissue
sections had greater number of P-syn-positive struc-
tures, greater number of positive biopsies, and a
higher percentage of P-syn detection in patients with
PD compared with 20- and 10-pm-thick sections
(p<0.01). The percentage of P-syn-positive structures
was significantly higher in 50-um-thick sections than
that in thin sections (p<0.01), but was similar between
20 and 10 pm sections. The overall P-syn-positive
rates (the number of individuals in whom we detected
P-syn-positive autonomic structures) were 100% of
subjects with PD in 50 pm, 90% in 20 pm, and 73%
in 10 ym sections.

P-syn Fibers and Staining Artifacts

In most immunohistochemical studies, nonspecific
background noise and staining artifacts are technically
inescapable. In our study, low-intensity signals of short
fiber-like or dot-like P-syn staining artifacts and back-
ground noise were identified in certain areas surround-
ing dermal autonomic substructures in sections that
were not colocalized with PGP fibers. These artifacts
could be misidentified as P-syn-positive fibers (Fig. 2).

P-syn and Colocalization

The comparison of 20 biopsies from individuals with
PD and 20 biopsies from control subject using just
P-syn without PGP 9.5 colocalization is provided in
Table 3. The number of biopsies with P-syn-positive
results increased in both the PD and control subjects.
The specificity of P-syn testing without colocalization
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Figure I. Orthogonal Z-stack images of tissue sections with nerve fibers containing phosphorylated alpha-synuclein (P-syn) in individu-
als with Parkinson’s disease. Four examples of tissue sections are shown: two examples of 50 um thickness, one example of 20 um
thickness, and one example of 10 um thickness (displayed on the left Y-axis). The immunostains used for each image are shown on the
top of the figure and included protein gene product 9.5 (PGP 9.5), P-syn, and the merged images. Sections A—C and G-I show pilomotor
nerve fibers, and sections D—F are a nerve bundle. Sections |J-L contain both pilomotor nerve fibers and nerve bundles. Thicker tissue
sections tend to allow for easier identification of overlapping PGP 9.5 and P-syn. Scale bar, 100 um.
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Table |I. Demographic Information.

PD Control
Number 29 21
Age 66377 62+ 10.7
Gender I6F, I13M ITF,I10M
Duration of disease 5.5+ 5.1 years N/A
MDS-UPDRS 46 (22-69) 0
MDS-UPDRS part 3 294=x11.2 0
IENFD distal leg 45+4.1 14.9 + 3.8%*
IENFD distal thigh 124+ 47 16.5 £ 5.7%
IENFD proximal thigh 17.6 6.1 21.3 £4.3%

Abbreviations: MDS-UPDRS, Movement Disorder Society Unified Parkinson Disease Rating Scale; IENFD, intraepidermal nerve fiber density; PD,

Parkinson’s disease.
*p<0.05, *p<0.01.

Table 2. The Results of P-syn in Skin Autonomic Structures in Thick and Thin Skin Sections From Subjects With PD.

N=29 Sweat Gland Pili Muscle Blood Vessel

Thickness (um) 50 20 10 50 20 10 50 20 10

Number of P-syn-positive 21 20 14 24 14 19 26 21 19
PD subjects by structure®

Percentage of positive PD 72 69 48 82 48 65 89 72 65

subjects by structure
Rate of P-syn®
p value (vs 50 pm)
Overall P-syn result*

<0.05 <0.01

0.53+04 03+028 025+0.330.57+0.380.16+0.21 0.23 £0.25 0.68 + 0.33 0.35 £ 0.32 0.31 £ 0.32

<0.01 <0.01 <0.01 <0.01

100% in 50 pm, 90% in 20 pm, and 73% in 10 pm sections

Abbreviations: P-syn, phosphorylated alpha-synuclein; PD, Parkinson’s disease.
*Number of P-syn-positive PD subjects by structure: The number of individuals with one or more positive autonomic structures (sweat gland, pili

muscle, blood vessel) in any of the three biopsies.

PRate of P-syn: P-syn-positive structures divided by total structures in the three biopsies of each individual (mean and SD).
‘Overall P-syn result: The number of individuals who were found to have P-syn-positive autonomic structures SG, PM, or BV in any of the three skin

biopsies.

was 71% at the distal leg, 59% at the distal thigh, and
63% at the proximal thigh.

Discussion

In this study, we report a detailed evaluation of tissue
thickness as a critical variable in the detection of cuta-
neous P-syn. In this study, and in a review of prior
work, it is clear that the number of P-syn-positive fibers
is much lower than the density of nerve fibers imaged
by PGP 9.5.9142526 Thys, the routine use of thin tissue
sections would work well only if P-syn was distributed
throughout the skin at a great enough frequency to be
detected by low-volume tissue analysis. However, we
have determined that P-syn-positive fibers are typi-
cally identified within dermal autonomic substructures
(sweat glands, pilomotor muscles, and blood vessels)
and that adequate tissue sampling is necessary to
facilitate detection.

Our results have significant implications on the con-
duct of studies sampling cutaneous P-syn. In all

measured outcomes, the 50-pm-thick tissue sections
performed better than 20 or 10 ym tissue sections.
These outcomes included number of positive tissue
structures, number of positive biopsy, and number of
subjects with PD who had P-syn detected.

There are a number of potential explanations for our
findings. (1) It was only possible to visualize a P-syn-
positive nerve fiber in the thicker tissue sections; the
10-uym sections were mostly visualized as P-syn-
positive “dots.” The thinner tissue sections reduced the
volume of nerve fiber evaluated, thereby diminishing
the visually apparent fluorescent signal that was nec-
essary to make a diagnosis. (2) The actual volume of
the tissue sampled increased with greater section
thickness when using the same number of sections.
Thus, five 10 pm sections had only 50 pm of tissue
sampled in total, whereas the five 20-um sections had
100 pm of tissue evaluated and the five 50-ym sec-
tions had 250 pm of tissue evaluated. This significant
increase in the total volume of tissue measured will
increase the chances of P-syn detection. Increasing
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Figure 2. Examples of phosphorylated alpha-synuclein (P-syn) artifacts. In this 50-um-thick tissue section, a nerve bundle is stained with
P-syn (seen in red in (A)) and protein gene product 9.5 (PGP 9.5 in green) with the merged orthogonal image shown in (B). The white
arrows indicate regions of possible P-syn deposition in red. In the merged image, the regions do not colocalize with PGP 9.5. Without
colocalization, it is easy to misinterpret artifacts for actual alpha-synuclein staining.

Table 3. Detection of Phosphorylated Alpha-Synuclein Without Colocalization Using PGP 9.5.

PD N=29 Control N=21
Thickness 50 20 10 50 20 10
Distal leg (% P-syn positive) 86% 69% 62% 19% 24% 38%
Distal thigh (% P-syn positive) 76% 72% 65% 24% 29% 33%
Proximal thigh (% P-syn positive) 86% 65% 72% 19% 29% 38%

Abbreviations: PD, Parkinson’s disease; PGP 9.5, protein gene product 9.5.
The sensitivity of detecting P-syn with results from three biopsies was 100% in the 50-, 20-, and |0-pm-thick tissue sections using PGP 9.5. The
calculated specificity of detecting P-syn with results from three biopsies was 66% with 50 um sections, 60% with 20 pm sections, and 57% with 10 um

sections without colocalizing with PGP 9.5.

the number of 10 and 20 pym stained sections is likely
to provide a similar result. (3) It is easier to identify
autonomic substructures within thicker tissue sections,
thereby allowing easier visual identification of potential
areas of P-syn-positive fibers as seen in Figs. 1 and 2.

As noted in previous studies, the consistent pene-
tration of antibodies can be achieved to a depth of 20-
to 35-pum-thick tissue sections using single-sided
conventional immunohistochemical staining.?>2® In this
study, the use of free-floating tissue sections allowed
for adequate penetration of the P-syn antibody in 50
um sections after 24 hr as previously reported.>?
Therefore, we prepared 50-um-thick free-floating sec-
tions where penetration of the antibodies against
P-syn and fluorescein labels was optimal, although

some publications suggest that thinner sections are
generally associated with improved morphology, but
reduced chemical reactivity.?” The results show that
P-syn-positive fibers in 50 pm sections were clear,
bright, and visible and completely colocalized with
PGP-positive fibers in autonomic structures. Free-
floating staining cannot be performed using thinner tis-
sue sections because the tissue is too fragile and will
tear before mounting.

One of the challenges using thicker tissue sections
is the need for confocal image analysis. Although auto-
mated image analysis systems are widely used for
thinner paraffinized sections, several obstacles exist
for automatic analysis of thicker sections. These
include the need for thru-imaging of the entire tissue
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specimen (50-um-thick tissue sections therefore
require 25 complete images using 2 pm confocal
“steps” to capture the complete section). The image
resolution in the XY axis is high, and this imposes a
significant memory burden for such a Z-stack image,
typically resulting in files that exceed 2 terabytes per
tissue section. Thus, for multiple biopsies per patient,
each having multiple tissue sections, the average
study would exceed 30 terabytes of memory and sev-
eral hours of confocal imaging time. Although high-
throughput high-resolution confocal Z-stack imaging
systems exist, their costs are prohibitive and availabil-
ity is limited. We do anticipate technological advances
in imaging to continue to improve the potential for
automation in the future.

In this study, we noted that low-intensity signal arti-
facts that did not colocalize with PGP 9.5 could be
detected within the tissue sections of both subjects
with PD and control subjects. These structures did not
colocalize with PGP 9.5, but could be confused with
P-syn-positive fibers in thin tissue sections, particu-
larly if colocalization of PGP 9.5 was not required for
confirmation of the result. As is reported in most immu-
nohistochemical studies, some level of nonspecific
background noise and staining artifacts are technically
inescapable. We performed several attempts to reduce
background noise and to enhance the signal for posi-
tive P-syn staining in tissue sections, including using
different block solutions containing 5% to 10% normal
goat serum, 5% to 10% normal donkey serum, 5%
bovine serum albumin, or 5% non-fat dry milk; addition
of Triton X-100; prolongation of washing during each
incubation; modification of antibody concentrations;
and using different methods for antigen retrievals;
however, the artifacts still appeared. After optimization
of technique, we compared the results with and with-
out colocalization. Although both methods provided
high sensitivity, the specificity decreased from 100% to
<70% without colocalization of PGP 9.5—innervated
nerve fibers. These results suggest that single immu-
nohistochemical staining of P-syn cannot adequately
differentiate between artifact and true positive results.
Therefore, double staining of P-syn with a pan-axonal
marker, such as PGP 9.5, is necessary to ensure ade-
quate specificity.

In this study, as in many other recent reports, all of
the patients with PD were positive for alpha-synuclein
despite a range of disease duration.™?2° These results
are consistent with the underlying pathology of PD
where years of ongoing pathological progression occur
before clinically apparent disease.®*3' More recently,
the detection of phosphorylated alpha-synuclein from
patients with idiopathic rapid eye movement sleep
behavioral disorder suggests that early detection is an

achievable goal.'®3233 These findings suggest that the
need to optimize methodological techniques to maxi-
mize rates of early detection will be a critically impor-
tant technical advance.

There are several additional limitations to our study.
We chose to use two different antigen optimization
techniques for the free-floating and slide-mounted
sections. Although microwaving worked well for slide-
mounted sections, it caused the free-floating sections
to fold and shrink, creating irreversible structural
changes to the tissue. Conversely, the formic acid
worked well for the free-floating sections, but was not
as effective as microwaving for the slide-mounted sec-
tions. We attempted to compare the best antigen
retrieval method possible for both approaches, but this
does mean the methods are not identical. The analysis
of slides is not performed in an automated fashion;
thus, the results are to a certain extent subjective. This
technique does require three skin biopsies for optimal
specificity and sensitivity, an approach that is fre-
quently performed within the field of neurology for
evaluation of small fiber neuropathy.3*

In summary, we demonstrate that double-immunos-
tained 50 uym skin biopsy tissue sections (with P-syn
and PGP 9.5) are superior to 20 and 10 uym tissue sec-
tions for the detection of P-syn in patients with PD. The
increased rate of detection using thicker sections is
likely secondary to a combination of greater volume of
tissue analyzed and improved visualization of nerve
fiber architecture.
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