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SHORT ABSTRACT: 27 
Here, we present a protocol for a free-floating indirect immunofluorescence assay on skin biopsy 28 
sections that allows for the identification of disease specific conformation variants of alpha 29 
synuclein involved in Parkinson disease and multiple proteins of the peripheral nervous system. 30 
 31 
LONG ABSTRACT: 32 
To date, for most neurodegenerative diseases only a post-mortem histopathological definitive 33 
diagnosis is available. For Parkinson's disease (PD), the diagnosis still relies only on clinical signs 34 
of motor involvement that appear later on in the disease course, when most of the dopaminergic 35 
neurons are already lost. Hence, there is a strong need for a biomarker that can identify patients 36 
at the beginning of disease or at the risk of developing it. Over the last few years, skin biopsy has 37 
proved to be an excellent research and diagnostic tool for peripheral nerve diseases such as small 38 
fiber neuropathy. Interestingly, a small fiber neuropathy and alpha synuclein (αSyn) neural 39 
deposits have been shown by skin biopsy in PD patients. Indeed, skin biopsy has the great 40 
advantage of being an easily accessible, minimally invasive and painless procedure that allows 41 
the analysis of peripheral nervous tissue prone to the pathology. Moreover, the possibility of 42 
repeating the skin biopsy in the course of the follow-up of the same patient allows studying the 43 
longitudinal correlation with the disease progression. We set up a standardized reliable protocol 44 
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to investigate the presence of αSyn aggregates in skin nerve fibers of the PD patient. This protocol 45 
involves few short fixation steps, a cryotome sectioning and then a free-floating 46 
immunofluorescence double-staining with two specific antibodies: anti Protein Gene Product 9.5 47 
(PGP9.5) to mark the cutaneous nerve fibers and anti 5G4 for detecting αSyn aggregates. It is a 48 
versatile, sensitive and easy to perform protocol that can also be applied for targeting other 49 
proteins of interest in skin nerves. The ability to mark αSyn aggregates is another step forward 50 
to the use of skin biopsy as a tool for establishing a pre-mortem histopathological diagnosis of 51 
PD. 52 
 53 
INTRODUCTION: 54 
Skin biopsy has acquired a great importance as the diagnostic and research tool in the field of 55 
neurological disorders1. Indeed, epidermis and dermis contain abundant somatic sensory nerve 56 
fibers (myelinated and unmyelinated), nociceptive free nerve endings, sensory receptors and 57 
autonomic innervation of sweat glands, vessels, sebaceous glands and muscle arrector pilorum2. 58 
 59 
In the mid-20th century, the setup for immunohistochemistry of PGP9.5 antibody allowed the 60 
evidence of an extensive innervation of human epidermis mammalian skin3. PGP9.5 is a carboxyl-61 
terminal hydrolase equally distributed along axons of both the central and peripheral nervous 62 
system (PNS). The availability of this antibody allowed not only to clarify the morphology and 63 
anatomy of PNS in the skin but also implemented the study of diseases associated with it3,4. Skin 64 
biopsy contributed to defining a new clinical entity: the small fiber neuropathy. Several 65 
international groups demonstrated the association between the loss of intraepidermal nerve 66 
fibers and symptoms/signs of small fiber neuropathy5 by skin biopsy analysis and provided 67 
standardized protocols for nerve morphometry as well as normative reference values to be used 68 
in the clinical practice6,7,8. 69 
 70 
Recently a large amount of evidence has shown that neurodegenerative diseases, characterized 71 
by misfolded protein accumulations in the central nervous system, are multi-system 72 
pathologies9. Indeed, PD is characterized by αSyn accumulation in the dopaminergic neuron of 73 
substantia nigra, but it has been demonstrated that αSyn and its pathological form, 74 
phosphorylated αSyn (P-αSyn), could be detected also in the peripheral tissues. Gastro-intestinal 75 
mucosa10, salivary glands11, skin autonomic fibers surrounding sweat glands and pilomotor 76 
muscles12-14, show immunoreactivity to pathogenic forms of αSyn, in accordance with Braak 77 
hypothesis that intriguingly postulate that αSyn pathology may begin in PNS well in advance, 78 
before its accumulation in the brain15. Further, the presence of p-αSyn has been demonstrated 79 
in skin nerves of patients with REM Behavior Disorders that are considered prodromal PD16,17 80 
thus skin pathologic αSyn can be considered a promising early peripheral histopathological 81 
marker of synucleinopathy. 82 
 83 
The association of small fiber neuropathy in PD has been demonstrated previously and it has 84 
been found that intraepidermal nerve fibers density reflects disease progression18,19. Hence, the 85 
skin biopsy is a useful tool for studying neurodegeneration in PD and for establishing a pre-86 
mortem histopathological diagnosis of the disease. Indeed, skin biopsy has a great advantage of 87 
being an easily accessible and minimally invasive procedure, allowing the analysis of nervous 88 
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tissue prone to the pathology. Finally, the possibility of repeating the skin biopsy in the course of 89 
follow-up of the same patients allows studying the longitudinal correlation with disease 90 
progression. 91 
 92 
In our laboratory, exploiting a double immuno-staining with PGP9.5 and the conformation-93 
specific monoclonal 5G4 antibody, that recognizes disease specific forms of αSyn including small 94 
aggregates20,21, we were able to show the presence of αSyn aggregates in skin nerves with a 95 
promising high diagnostic efficiency19. Immunofluorescence analysis of the skin biopsy in 96 
conformational diseases stands out as a promising source of biomarkers by combining both the 97 
detection of protein aggregates and the measure of the neurodegeneration in vivo. Hereafter, 98 
we illustrate an easy and versatile protocol on handling the skin biopsy and performing the free-99 
floating immunofluorescence staining for detecting αSyn aggregates. Moreover, this protocol can 100 
be adapted for targeting any other protein of interest expressed in skin PNS. 101 
 102 
The following study protocol has been used to evaluate the diagnostic utility of aggregated αSyn 103 
analysis in the PNS of PD by skin biopsy19. Inclusion criteria for PD were: a definite clinical 104 
diagnosis according to the UK Brain Bank diagnostic criteria, disease duration at least 3 years, no 105 
family history, and no major cognitive impairment or major dysautonomic symptoms in the 106 
history. Exclusion criteria were known causes of neuropathy (glycated hemoglobin, creatinine, 107 
vitamin B12, TSH, serum immunofixation, HIV, HCV, syphilis, and borreliosis). Each subject 108 
underwent to 3 mm-diameter skin biopsies at three anatomical sites (neck at C8 dermatomal 109 
level, thigh 10 cm above the knee, leg 10 cm above lateral malleolus) on the side, which was 110 
clinically more affected. In general, the following protocol is about handling the skin biopsy and 111 
performing the free-floating immunofluorescence staining and analysis. Hence it can be adapted 112 
and used for the detection of other proteins of interest in skin tissue.  113 
 114 
PROTOCOL: 115 
The protocol has been approved by the Cantonal Ethics Committee and all enrolled subjects gave 116 
written informed consent to the study.  117 
 118 
1. Skin biopsy collection 119 
 120 
1.1. Let a qualified physician perform the skin biopsy in an appropriate clinical setting. 121 
 122 
1.2. Choose the area to perform the skin biopsy and clean it with an alcohol swab. 123 
 124 
1.3. Prepare the anesthetic solution with 1cc of lidocaine 2%. 125 
 126 
1.4. With the needle parallel to the area, inject local anesthesia subcutaneously. 127 
 128 
1.5. After checking the effect of anesthesia, take the 3 mm disposable punch and apply rotational 129 
and delicate downward pressure to rotate it down through the epidermis and dermis, until the 130 
subcutaneous fat is reached. 131 
 132 
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1.6. Withdraw the punch. 133 
 134 
1.7. Use disposable forceps to gently pull the skin plug up. 135 
 136 
1.8.  Use scissors to cut out the base of the specimen at the level of the fatty tissue. 137 
 138 
1.9. Place the specimen in a tube containing 10 mL of periodate-lysine-paraformaldehyde (PLP) 139 
fixative solution. 140 
 141 
1.10. Disinfect the area and cover it with an adhesive bandage.  142 
 143 
2. Tissue fixation and storage 144 
 145 
2.1 Make fresh PLP fixative solution (see Table 1). 146 
 147 
2.2 Immediately after the collection of the skin biopsy, submerge it in a tube containing 10 mL of 148 
PLP fixative solution and incubate it overnight (O/N) at 4 °C. 149 
 150 
2.3 The day after, under the fume hood, remove the PLP fixative gently and in the same tube, 151 
wash the biopsy 3 times for 5 min with 5 mL of 0.1 M Sorensen’s solution (Table 1). 152 
 153 
2.4 Discard the Sorensen’s solution and incubate the biopsy with 5 mL of cryo-protectant solution 154 
O/N at 4 °C. 155 
 156 
2.5 Store the biopsy at 4 °C if the cut with a cryotome is performed within 1 week; store the 157 
biopsy at -20 °C if the cut is performed within 3 months; embed the biopsy in a cryomold (steps 158 
3.2-3.4) and store it at -80 °C to conserve it for a longer period of time. 159 
 160 
3. Tissue cut with a cryotome 161 
 162 
3.1 Set the cryotome at -20 °C. 163 
 164 
3.2 Take a cryomold and fill it up with the cryo-embedding medium. Avoid creating bubbles. 165 
 166 
3.3 Using tweezers immerse the biopsy into the cryo-embedding medium with the longitudinal 167 
axis (epidermis - dermis) parallel to the bottom of the cryomold. 168 
 169 
3.4 Snap freeze the sample with liquid nitrogen to obtain a solid cube of cryo-embedding medium 170 
containing the biopsy in the right orientation. 171 
 172 
3.5 Put the sample in the cryostat and wait for 30 min to allow the biopsy to acclimatize. 173 
 174 
3.6 Fix the sample on the cryostat and cut 50 µm sections.  175 
 176 
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3.7 With the help of a little brush, transfer the cryo-sections in a 96 well plate containing 200 µL 177 
of antifreeze solution in each well. One section per well. 178 
 179 
3.8 Store at -20 °C. 180 
 181 
NOTE: If the analyze the entire biopsy is not analyzed, cut it only partially. In this case, the sections 182 
must be stored at -20 °C and the remaining part of the biopsy at -80 °C to conserve it for a longer 183 
period of time. 184 
 185 
4. Immunofluorescence staining 186 
 187 
4.1 Fill a 96 well plate, with 100 µL of washing solution. 188 
 189 
4.2 Transfer the sections to be analyzed from the storage plate to the new one containing the 190 
washing solution. 1 section per each well (4 sections per anatomical site, per patient: usually a 191 
total of 12 sections per patient). 192 
 193 
4.3 Leave the section in the washing solution for 10 min at room temperature (RT). Transfer the 194 
section into another well containing the same solution and repeat the wash.  195 
 196 
4.4 Move the sections into new wells containing 100 µL of Blocking solution and incubate for at 197 
least 90 min and for a maximum of 4 h at RT. 198 
 199 
4.5 Dilute the primary antibodies anti-PGP9.5 (Rabbit polyclonal, 1:1000) and anti-5G4 (Mouse 200 
monoclonal, 1:400) in the working solution. 201 
 202 
4.6 Transfer the sections into new wells containing 100 µL of the working solution of the primary 203 
antibodies and incubate them O/N at RT. 204 
 205 
4.7 As step 4.3, wash the sections 2 times for at least 10 min at RT, with 100 µL of washing 206 
solution. 207 
 208 
4.8 Dilute the secondary antibodies (conjugate with different fluorophores) Goat anti-Rabbit to 209 
detect PGP9.5 (1:700) and a Goat anti-Mouse to detect 5G4 (1:700) in the working solution. 210 
 211 
4.9 Transfer the sections into new wells containing 100 µL of the working solution of the 212 
secondary antibodies for 90 min at RT. From this point, cover the 96 well plate with aluminum 213 
foil to avoid the bleaching of fluorophore conjugated with secondary antibody/ies. 214 
 215 
4.10 As step 4.3, wash the sections 2 times for at least 10 min, with 100 µL of the washing 216 
solution. 217 
 218 
4.11 Transfer the sections into new wells containing 100 µL of DAPI (diluted 1:1000 in PBS 1x) for 219 
5 min at RT. 220 
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 221 
4.12 As step 4.3, wash the sections 2 times for at least 10 min, with 100 µL of the washing 222 
solution. 223 
 224 
4.13 Mount the sections on a slide in the correct position avoiding misfolding. 225 
 226 
4.14 Add a few drops of the mounting medium on the slide and cover with a coverslip. 227 
 228 
4.15 Let slides dry O/N before using the confocal/fluorescence microscope.  229 
 230 
4.16 Store the slides in an appropriate box at 4 °C avoiding the light exposure. If accurately 231 
stored, the signal will be visible for about 6 months. 232 
 233 
NOTE: The transfer of a section from the 96 well plate containing the newly cut slices to the 96 234 
well plate containing the washing solution (step 4.1) is performed using a small brush that helps 235 
to pick up the biopsy. After the transfer of the section into the first well, every time the slice 236 
needs to be incubated with a different solution, move it from well to well with the help of the 237 
brush. 238 
 239 
5. Immunofluorescence Imaging 240 
 241 
5.1. View sections under an inverted fluorescence microscope or a confocal microscope (20X, 40x 242 
or higher magnification, use successive frames of 2 µm increments on a Z-stack plan for best 243 
results).  244 
 245 
5.2. Acquire images by a microscope connected camera 246 
 247 
5.3. Use an adequate imaging software (i.e. ImageJ) to analyze positive signals in sections in terms 248 
of spatial distribution and intensity of the signal. To do this perform the steps mentioned below.  249 
 250 
5.2.1. Open the file with ImageJ software.  251 
 252 
5.2.2. Click on Image > color > split channels in order to analyze each color channel. 253 
 254 
5.2.3. Click Image > stack > Z project to obtain a merge of multiple section acquisitions. 255 
 256 
5.2.4. Click Image > color > merge channels to obtain a merge of different color channels of the 257 
same acquisition. 258 
 259 
[Place Table 1 here] 260 
 261 
REPRESENTATIVE RESULTS: 262 
Following the described procedure (Figure 1), we detected αSyn aggregates, labeled with 5G4 263 
antibody, in dermal nerve fascicles innervating autonomic structures of PD patients. Morphology 264 
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of alpha-synuclein deposits appears as a dotted signal along the axons of dermal nerves (Figure 265 
2). Indeed, exploiting this protocol in 19 PD patients and 17 controls in skin biopsies at three 266 
anatomical site (cervical, thigh and distal leg) we found that 5G4 had 81% of sensitivity and 86% 267 
of specificity respect to healthy controls and P-αSyn had 56% of sensitivity and 100% of 268 
specificity19. 269 
 270 
In particular, we found 5G4 and P-αSyn positive deposits mainly in nerves around sweat glands 271 
but also in muscle erector pili, small vessels, and subepidermal and dermal plexus, never in 272 
intraepidermal nerve fibers. 273 
 274 
Generally, within the sweat gland’s lumen, it is possible to observe a nonspecific signal, which 275 
could be misinterpreted as 5G4/ P-αSyn positivity. This type of signal is dotted, spherical and it is 276 
due most probably to intraluminal auto-fluorescent material, as we demonstrated in technical 277 
controls without primary and secondary antibodies (Figure 3). Co-localization with PGP9.5 that 278 
marks the nerve fibers, which morphologically are filamentous and elongated, helps to identify 279 
the correct signal. Therefore, the specificity of 5G4 signal is highly increased by a double 280 
immunostaining with an axonal marker (Figure 4). 281 
 282 
An accurate fixation of the biopsy is a mandatory factor for the good quality of 283 
immunofluorescence staining, and for the reliable interpretation of the fluorescent signals. If the 284 
fixative is not correctly prepared or if an over-fixation has occurred, the result will be a high auto-285 
fluorescence that will mask the signal of nerve fibers crossing the dermal-epidermal junction or 286 
innervate the main dermal structures (Figure 5B, D, F). In this case, the inability to visualize 287 
correctly the PGP9.5 positive fibers will make difficult to analyze correctly also 5G4. 288 
 289 
Finally, this protocol can be used for the detection of any protein of interest, including among 290 
others αSyn, P-αSyn or tyrosine hydroxylase (TH) and vasoactive intestinal peptide (VIP) that 291 
mark respectively adrenergic and cholinergic subtype of autonomic innervation (Figure 6). 292 
 293 
FIGURE AND TABLE LEGENDS: 294 
 295 
Table 1. Required solutions. List of required solutions for the protocol and brief description of 296 
how to prepare it. 297 
 298 
Figure 1. Schematic representation of the protocol. Graphical representation of critical steps in 299 
the fixation, cut and staining of skin sections for the visualization of αSyn aggregates in cutaneous 300 
peripheral nerve fibers. 301 
 302 
Figure 2. Presence of 5G4 aggregates in dermal nervous fibers. Confocal merged Z-stack images 303 
of immunofluorescence with PGP9.5 (green) and 5G4 (red) of dermal nerves around sweat glands 304 
in PD patients (A–C) and healthy subject (D-F). This figure is modified from 19. 3D visualization of 305 
the same sweat gland showed above from PD (G) and healthy (H) subjects. Indicated by white 306 
arrows, yellow colocalization of the two markers along axons. Scale bar 50 µm. 307 
 308 
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Figure 3. Auto-fluorescent signals: technical controls. Confocal merged Z-stack images of skin 309 
section stained with DAPI and without the primary antibody (A-B), without the secondary 310 
antibody (C-D), without primary and secondary antibodies (E-F). The images show the presence 311 
of non-specific dotted signals in sweat glands structures in all conditions. Scale bar 50 µm. 312 
 313 
Figure 4. Consider nerve fibers morphology to recognize non-specific signal. Confocal merge Z-314 
stack images of immunofluorescence with PGP9.5 (green) and 5G4 (red) of dermal nerves around 315 
sweat glands. White arrows indicate positive structures; asterisks indicate unspecific staining in 316 
non-neuronal structures. Scale bar 50 µm. This figure is modified from 19. 317 
 318 
Figure 5. Incorrect fixation compromises the quality of immunofluorescence staining. Confocal 319 
merge Z-stack images of immunofluorescence with PGP9.5 (green) and DAPI (blue) of intra 320 
epidermal nerves fibers (A-B) and dermal nerves around sebaceous gland (C-D) and sweat glands 321 
(E-F). On the left result of correct fixation, on the right result of over fixation. Scale bar 50 µm. 322 
 323 
Figure 6. Examples of other proteins detectable in skin nerves. Microscope images of dermal 324 
structures stained using a free-floating immunofluorescence assay. In red αSyn (A), p-αSyn (B), 325 
and TH (C), in green VIP (D). Scale bar 50 µm.  326 
 327 
DISCUSSION: 328 
We describe a free-floating immunofluorescence assay for skin biopsies for the diagnosis of PD: 329 
it exploits double immunostaining with anti-PGP9.5 antibody, a panaxonal marker, and anti-5G4, 330 
a conformation specific antibody that recognizes the aggregated form of αSyn. 331 
 332 
The great advantages of skin biopsy for diagnostic purpose in PD and possibly in other protein 333 
conformational disorders are: 1) the direct access to nervous tissue prone to disease by a mildly 334 
invasive technique and thus with an expected better determination sensitivity for αSyn 335 
aggregates than biological fluids like blood or CSF; 2) the opportunity to detect and quantify 336 
epidermal and autonomic nerve fiber density as a measure of neurodegeneration; 3) the 337 
possibility of repeating skin biopsy in the course of follow-up of the same patients, in order to 338 
study longitudinally the correlation with disease progression.  339 
 340 
The protocol proposed here is rapid, versatile and has few critical steps. First of all, tissue fixation 341 
has to be pursued correctly, otherwise a high auto-fluorescence will mask the specific signal and 342 
will prevent the correct analysis of the data. The paraformaldehyde in the fixative solution should 343 
be made fresh and pH of 7.4 should be accurately checked. It is extremely important to avoid the 344 
formation of formic acid that could damage biopsies. Before storage and cut, if the compactness 345 
of the biopsy suggests an incorrect fixation, the biopsy should be rinsed again with Sorensen's 346 
solution, and re-incubated with PLP solution O/N at 4 °C. Moreover, at the beginning or at the 347 
end of the immunofluorescence staining protocol, a few additional steps can be introduced to 348 
counteract auto-fluorescence. At the beginning of the protocol (between steps 4.1 and 4.2) a 349 
treatment with sodium borohydride solution (1 mg/mL in TBS; 3 times for 10 min), a treatment 350 
with hydrogen peroxide (3%; 15 min) or a treatment with glycine (0.1 M in TBS; 1h) can be 351 
performed. In alternative at the end of the staining (between steps 4.8 and 4.9), a treatment with 352 
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trypan blue (250 μg/mL in TBS; 20 min) or with Sudan Black (0.5% in 70% EtOH; 30 min) can be 353 
performed. However, in all cases, in addition to the reduction of auto-fluorescence, a reduction 354 
in the specific signal will also occur. Alternatively, biopsies incorrectly fixated can be used to 355 
perform classical bright field immunohistochemistry. In this case, however, the double 356 
immunostaining for colocalization of 5G4 and PGP9.5 will be more challenging and difficult to 357 
analyze. 358 
 359 
Another critical step is the insertion of a skin biopsy into the cryomold (step 3.3). The orientation 360 
of the biopsy towards the cutting blade is crucial to obtain slices in which epidermis and dermis 361 
are both present. The longitudinal axis (epidermis-dermis) has to be parallel to the bottom of the 362 
cryomold, so that the side of the biopsy, not the top or the bottom, is facing the operator. The 363 
choice of slices thickness, 50 µm, is in accordance with European guidelines for the use of skin 364 
biopsy as a diagnostic tool7. Moreover, for a αSyn aggregates detection, 50 µm thickness allows 365 
with greater probability to have within the section more dermal structures, where pathological 366 
deposit are mainly found in PD. Due to the high thickness, to be sure that the whole section is 367 
dyed, it is not recommended to place the sections on the slide for staining, but instead, a free 368 
floating staining is mandatory. For this procedure, the major difficulty is to transfer the sections 369 
from one well to another using a small brush without damaging the sections. It is recommended 370 
to insert the tip of the brush below the biopsy that floats in the liquid, allowing the biopsy to 371 
settle on the tip of the brush, gently carry the biopsy from one well to another, immerse the 372 
biopsy in the new solution and remove the brush making sure that no biopsy residue is left on 373 
the brush. It is important that the operator acquire manual skills with practice. 374 
 375 
In conclusion, this is a short and easy protocol for the optimal handling and fluorescent 376 
immunostaining of skin biopsy. The advantage of this protocol in respect to previous studies is 377 
the use of 5G4 antibody, allowing the detection of αSyn small aggregates for the first time in 378 
dermal autonomic nerve fibers of PD patients. It can be potentially used for diagnostic purposes 379 
in different types of neurodegenerative disorders involving PNS, especially at early phases, when 380 
potential cure can be most effective. Limitations of the method is that sensitivity of P-αSyn and 381 
specificity of 5G4 are still suboptimal but a combination of different markers in future studies 382 
could certainly improve the diagnostic yield of skin biopsy in PD. 383 
 384 
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Antifreeze solution

(store at 4 °C for up to 6 months)

Blocking solution

(prepare at the moment)

Cryo-protectant

(store at 4 °C for up to 6 months)

Disodium hydrogen phosphate solution

(store at RT up to 6 months)

Lysine solution

(store at 4 °C for up to 3 weeks)

Paraformaldehyde (PFA) 8% 

Phosphate buffer 2x 

(store at 4 °C for up to 6 months)

PLP fixative solution

(prepare at the moment, under fume hood )

Sodium Dihydrogen Phosphate Monohydrate

(store at RT up to 6 months)

Sorensen’s solution 

(store at 4 °C for up to 1 month)

Washing solution

(prepare at the moment)

Working solution

(prepare at the moment)

(prepare under fume hood and store at 4 °C for up to 1 

month)
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30% Glycerol

30% Ethylene glycol

30% dH2O

10% 2x Phosphate buffer

4% Normal Goat Serum

1% Triton X-100 

 in Washing solution

20% Glycerol

80% Sorensen's solution

0.45M Disodium hydrogen phosphate (Na2HPO4) in dH2O

Filter in a sterile bottle

50% of 0.3M L-Lysine monohydrochloride solution

50% of 0.1M Sorensen’s solution pH7.6

pH 7.4, filter in a sterile bottle

 filter in a sterile bottle

6% Monosodium phosphate (NaH2PO4)  solution 

45% Disodium phosphate  (Na2HPO4) solution

in dH2O

25% Paraformaldehyde 8%

0.01M Sodium (meta)periodate

75% Lysine solution

0.52M Sodium Dihydrogen Phosphate Monohydrate (NaH2PO4*H2O) in dH2O

Filter in a sterile bottle.

2.5% Monosodium phosphate solution

18.7% Disodium phosphate solution

pH7.6, in dH2O 

0.25M Trizma base

0.26M NaCl

pH7.6, in dH2O 

50% Blocking solution

50% Washing solution

2.6M PFA in dH2O (to 55°C_do not exceed 60 °C to avoid formic acid formation)



Name of Material/ Equipment Company

5G4 (anti human αSyneclein 5G4)
Analytik Jena Roboscreen

AlexaFluor 488 Goat anti Rabbit IgG 
Invitrogen

AlexaFluor 594 Goat anti Mouse IgG 
Invitrogen

Disodium hydrogen phosphate solution
Merk Millipore

Ethylene Glycol
Sigma-Aldrich

Glycerol
Sigma-Aldrich

L-Lysine monohydrochloride
Sigma-Aldrich

Paraformaldehyde
Aldrich Chemistry

PGP9.5
Abcam

Sodium Chloride
Sigma 

Sodium Dihydrogen Phosphate Monohydrate
Merck Millipore

Sodium (meta)periodate 
Sigma-Aldrich

Trizma Base
Sigma 

Tryton X-100
Sigma-Aldrich

Vectashield 
Vector Laboratories
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Catalog Number Comments/Description

847-0102004001 Mouse monoclonal 

1971418 2mg/ml

1922849 2mg/ml

106586

324558

G7757

L5626

441244

ab15503 Rabbit polyclonal

S3014

106346

S1878

T1503

X100

H-1000 Mounting medium



ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
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Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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 Line 27-37: This section is not required. Please expand during the first-time use and delete 

this part.  

We had followed the guidelines of the journal defining all abbreviations during the first-time use 

and then using the acronym. Although, we had created this section following reviewer 2 suggestion: 

in the first comment asked for a list of abbreviation. Now we have removed the section. 

 

 Line 69, citation. We added citation 1 

 

 Line 79, citation. We added citations 3 and 4 

 

 Line 87, citation. We added citation 9 

 

 Line 116, Highlighted section should not be more than 2.75 pages including headings and 

spacing. Please check and edit.  

The highlighted section is less than 2.75 pages. 

 

 Line 121, The protocol needs to be stand alone in itself. Please add details to this section 1. 

We added more details. 

 

 Line 123, From whom – what kind of patients/controls, any age or sex specific bias? Which 

part of the body is the biopsy taken from? How many per person? Please list all details here. 

Before the protocol we added a brief section in which we answer all this questions.  

 

 Line 148, “Is this correct”?  

We corrected the mistake. 

 

 Line 164, Where are the sections stored? 

We had explained how to store the section at point 3.8 and in the following note. 

 

 Line 166, Added for clarity please check. 

We re-wrote the phrase.  

 

 Line 171, “Why so?” 

We re-wrote the phrase.  

 

 Line 176, “Isn’t this same as 3.7”?  

We clarify the concept, re-writing the first steps.  

 

 Line 179, “Do you transfer the sections from one plate to another or aspirate the liquid and 

add the second round to the same plate?” 

We had explained this point in the note, however we re-wrote some passages to clarify the concept. 

 

 Line 188, “Added this here, please check. Please bring out this kind of clarity throughout.” 

 We re-wrote the phrase.  

 

 Line 217, “Please reword”.  

We change “catch” with “pick up” 
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 Line 227, Analyze for what and how. Please provide all the button clicks, graphical user 

interface, etc. We need discrete experimental steps. For example, Click “Open”. Use the xxx 

tool and count the number of cells stained. Then Click “Analyze” 

We added few steps. 

 

 Line 236, Include this in the protocol somewhere.  

We added this details at the beginning of the protocol. 

 

 Line 240, Reworded. 

We changed the phrase.  

 

 Line 240, Please provide a Table to show how all of the patients used for the study were 

classified as PD? What does G and H represent?  

We provide this information at the beginning of the protocol. We explained figure 2G and 2H.  

 

 Line 304, “Please include limitation of the protocol The significance with respect to existing 

methods Any future applications of the technique 

We included this information in the last paragraph of discussion: 

“The advantage of this protocol in respect to previous studies is thee use of 5G4 antibody, allowing 

the detection of αSyn small aggregates for the first time in dermal autonomic nerve fibers of PD 

patients. It can be potentially used for diagnostic purposes in different types of neurodegenerative 

disorders involving PNS especially at early phases when potential cure can be mostly effective.  

Limitations of the method is that sensitivity of P-αSyn and specificity of 5G4 in identifying PD are 

still suboptimal but a combination of different pathological markers in future studies could certainly 

improve the diagnostic yield of skin biopsy in PD.” 

 

 Line 344 “??” 

We changed “furtherly” with “moreover”. 

 

 Line 352 “??” 

We changed “in alternative”  with “alternatively”. 
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