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Peripheral tau as a biomarker for 
neurodegenerative diseases: is life on Earth, 
life on Mars?

This scientific commentary refers to ‘Tau protein quantification 
in skin biopsies differentiates tauopathies from alpha- 
synucleinopathies’ by Vacchi et al. (https://doi.org/10.1093/brain/ 
awac161).
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When searching for life on other planets, humans have historically 
based investigations on what we know about life on Earth—with its 
requirements such as water, oxygen and temperatures within a 
certain range. The problem though is that life on other planets 
may operate under different paradigms. The same principle may 
apply when evaluating peripheral biomarkers of neurodegenera
tive disease. Typically, researchers consider what defines a brain 
disease and then employ similar definitions and techniques to 
evaluate peripheral samples—even though composition, consist
encies, methodologies and reproducibility may differ greatly be
tween CNS and peripheral nervous system (PNS). This is no 
surprise as work needs to be hypothesis driven, with strong infer
ence,1 and thus it is logical to examine the sine qua nons of brain dis
eases, as Vacchi and co-workers2 have done in this issue of Brain.

Neurodegenerative diseases are characterized by the progres
sive loss of selectively vulnerable populations of neurons.3 The 
gold standard for diagnosis is the loss of those neurons and/or 
the presence of certain protein abnormalities in select neuroana
tomical regions and cellular structures upon neuropathological 
evaluation after death.3 For certain neurodegenerative diseases, 
including progressive supranuclear palsy (PSP) and corticobasal 
degeneration (CBD), the main aggregated protein within the brain 
is tau.

Tau is a microtubule-associated protein that exists as six major 
isoforms within the CNS, and specific post-translational modifica
tions of tau, most notably phosphorylation, have been linked to 
neurodegenerative diseases.4 A growing body of work has evalu
ated tau species in plasma, CSF and tissue biopsies. Studies exam
ining tau species within tissues, such as skin, colon and 
submandibular gland, are dwarfed by those that have examined 
plasma and CSF. It is important to investigate peripheral tissues 
as these are more accessible than brain, may yield more consistent 
results due to their non-aqueous nature, and may provide a deeper 
understanding of the systemic nature of the neurodegenerative 
disorder, including the reasons why certain tissues are selectively 
vulnerable. Some studies, including our own5,6 have investigated 
tau in human autopsy samples of peripheral tissues. Others 
have examined non-tau protein aggregates, such as alpha- 

synuclein, and have revealed good sensitivity and specificity of sub
mandibular gland and skin biopsies for the diagnosis of Lewy type 
alpha-synucleinopathy and Parkinson’s disease.7,8

Many biomarker studies, including that of Vacchi et al.2 aim to 
provide a foundation for more sensitive and specific diagnoses of 
neurodegenerative diseases during life. To determine the sensitiv
ity/specificity of biomarkers, one must first understand how a dis
ease is defined, as well as the current diagnostic accuracy. One 
study reported 62% of persons clinical diagnosed as multiple sys
tem atrophy (MSA) could be confirmed at autopsy, while another 
found this figure to be as low as 53% for early Parkinson’s dis
ease.9,10 Caution is thus needed when interpreting results of bio
marker studies that use clinical diagnoses. Furthermore, 
biomarker studies must also consider generalizability and scalabil
ity. Much human research is conducted within a limited socio
economic/demographic distribution, hence the generalizability of 
findings should be evaluated. Scalability should also be discussed, 
including potential issues related to access, as well as costs.

Studies on peripheral biomarkers should involve specialist 
clinicians (e.g. behavioural neurologists or movement disorders 
specialists), biostatisticians, biochemists, molecular neuroscien
tists, as well as individuals with pathology expertise in the or
gan(s) examined, and neuropathology expertise at a minimum. 
This is necessary from an early stage to assure optimal study de
sign, including a sample size sufficient to detect a meaningful ef
fect, appropriate sampling parameters, evaluation methods and 
positive and negative controls. It will also help to ensure the influ
ence of any confounding variables is recognized. This multidiscip
linary evaluation should continue in the peer review process, and 
in any ensuing commentaries and editorials. Multi-stage tiered 
approaches are proposed for blood-based biomarkers; these can 
also be used for peripheral tissues.11

Vacchi et al.2 evaluated levels of tau RNA and protein—including 
total and phosphorylated forms within skin (both cervical and leg) 
from clinically defined healthy controls and from patients with 
Parkinson’s disease, MSA and PSP/CBD. The sampling parameter 
included a double 3 mm diameter punch skin biopsy on the more 
clinically affected side of the neck at C8 dermatomal level (cervical) 
and on the distal leg 10 cm above the lateral malleolus (ankle), with 
one sample fixed for immunofluorescence studies and the other 
stored for biochemical analyses. Using multiple techniques [im
munofluorescence histochemistry, western blots, enzyme-linked 
immunosorbent assays (ELISA) and PCR] the authors revealed 
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differences in tau abundance between diagnostic groups. The 
use of multiple methods, especially those which provide more 
quantitative results, such as ELISA, enhanced the scientific rigour 
of the study, while the use of commercially available reagents will 
make it easier to evaluate reproducibility in other research settings.

To investigate anatomical locations of select tau species, Vacchi 
et al.2 performed immunofluorescence staining using antibodies 
against the N-terminal region (tau13), proline-rich domain (HT7 
and Tau5) and tubulin binding region (Tau), revealing immunoreac
tive cutaneous nerve fibres counterstained with pan axonal markers 
or Beta tubulin class II (Fig. 1B in Vacchi et al.2). Tau-positive nerve fi
bres were also found in autonomic structures, and in epidermal and 
dermal regions where they co-localized with specific neurotransmit
ter markers (vasoactive intestine peptide and tyrosine hydroxylase) 
(Fig. 1C in Vacchi et al.2). Several phosphorylation-specific antibodies 
were used but no positive signals were detected.

Isoform expression studies revealed two major bands at 55 kDa 
(corresponding to the 0N4R/1N3R isoform of tau) and 70 kDa (corre
sponding to the 2N4R isoform). There was no evidence of ‘Big Tau’, 
the high molecular weight isoform identified in peripheral nerves. 
Using the same phosphorylation-specific antibodies, banding pat
terns were seen at 55 kDa and 70 kDa in western blot analyses with 
no significant differences found between groups. Cervical skin tau 
concentration measured by ELISA revealed increases in individuals 
with PSP/CBD when compared to healthy controls and individuals 
with Parkinson’s disease, although there were large variations 
amongst participants (Fig. 4A in Vacchi et al.2). These measures 
were also related to age, further emphasizing the importance of 
evaluating other demographic metrics when developing biomarkers. 
Tau RNA results revealed the main transcript variants to be 2N and 4R 
with increases in 2N in both ankle and cervical skin in the PSP/CBD 
group, but all levels were minimal compared to that of the brain. 
This emphasizes the importance of using multiple methodologies 
and examining multiple forms of potential biomarkers (DNA, RNA, 
isoforms, post-translational modifications) when evaluating biomar
kers, as different preparation methods can alter the results.

To summarize, Vacchi et al.2 revealed greater abundance of spe
cific tau species in the skin of individuals with clinically diagnosed 
PSP/CBD compared to healthy controls and to individuals with 
Parkinson’s disease or MSA, using some methods but not all. 
Caution is required when interpreting the results given the limited 
number of participants in the study, the large number of compari
sons and estimated correlations (although adjustment for multiple 
comparisons was conducted in some analyses), the lack of autopsy 
confirmation, which might affect sensitivity and specificity calcula
tions, and the lack of an independent validation cohort for diagnostic 
performance (although leave-one-out validation was performed in 
the linear discriminant analysis). Given the small sample sizes, pro
viding 95% confidence intervals with all reported results would have 
helped clarify the degree of variability in the findings. In addition, fur
ther work will be required to assess the reproducibility of techniques 
used and to explore how different laboratory parameters (fixation, 
section thickness, etc.) may affect results. Use of sequential western 
blots may introduce variability, for example, and may be limited as a 
diagnostic test due to the difficulty of scaling to a clinical setting. The 
authors discuss some of these limitations, especially the small co
hort, lack of neuropathological confirmation, and discordances 
with previous studies, and are careful not to overstate findings.

Despite these limitations, this research is important as it adds to 
the body of work using multiple methodologies to evaluate the contri
butions of the PNS—revealed through examination of skin—to what 
central dogma states are CNS diseases. Future studies investigating 

the link between the periphery and brain in neurodegenerative disor
ders, should include expertise from multiple domains, understand 
the influence of pre-analytic factors, and have adequate power and 
effect size plus use of appropriate gold standards to validate specifi
city and sensitivity. To quote the 1964 classic ‘Strong Inference’ paper 
by Platt1: ‘Devising a crucial experiment (or several of them) with al
ternative possible outcomes, each of which will, as nearly as possible 
exclude one or more of the hypotheses’, can aid in our exploration of 
the question: is life on Earth, life on Mars?

Brittany N. Dugger,1 Danielle Harvey,2 Thomas G. Beach3 and 
Charles H. Adler4  

1 Department of Pathology and Laboratory Medicine, University of 
California Davis, Sacramento, CA 95817, USA 

2 Division of Biostatistics, Department of Public Health Sciences, 
University of California, Davis, Davis, CA 95616, USA 

3 Civin Laboratory for Neuropathology, Banner Sun Health Research 
Institute, Sun City, AZ 85351, USA 

4 Department of Neurology, Mayo Clinic College of Medicine, Mayo Clinic 
Arizona, Scottsdale, AZ 85259, USA  

Correspondence to: Brittany N. Dugger  
E-mail: bndugger@ucdavis.edu

Funding
B.N.D. receives funding by grants from the National Institute On 
Aging of the National Institutes of Health under Award Numbers 
P30AG072972, U01AG061357-S1, R01AG052132, R01AG056519, and 
R01AG062517, and a research grant from the California 
Department Of Public Health (19-10611) with partial funding from 
the 2019 California Budget Act. The views and opinions expressed 
in this manuscript are those of the author and do not necessarily re
flect the official policy or position of any public health agency of 
California or of the United States government. D.H. receives fund
ing from grants from the NIH (National Institutes of Health) under 
Award Numbers P30AG072972, U01AG024904, U54NS079202, 
R01AG051618, R01HD093654, R01AG062240, R01AG062689, R01AG 
064688, P50HD103526, R01HD076189, R01AG066748, R01AG067541, 
U19NS120384, R01AG031563, R01MH127046, and a research grant 
from the California Department Of Public Health (19-10611). C.H.A. re
ceives funding from the NIH, State of Arizona, and the Michael J. Fox 
Foundation. T.G.B. receives funding from the National Institute on 
Aging (P30 AG19610), National Institute of Neurological disorders and 
Stroke (U24 NS072026), The Arizona Department of Health Services, 
the Arizona Biomedical Research Commission, the Sun Health 
Foundation and the Michael J. Fox Foundation for Parkinson’s 
Research. The views and opinions expressed in this manuscript are 
those of the author and do not necessarily reflect the official policy 
or position of any public health agency of California or of the United 
States government.

Competing interests
The authors report no competing interests.

References
1. Platt JR. Strong inference: certain systematic methods of scien

tific thinking may produce much more rapid progress than 
others. Science. 1964;146:347–353.

mailto:bndugger@ucdavis.edu


Scientific Commentary                                                                                                             BRAIN 2022: 145; 2629–2631 | 2631

2. Vacchi E, Lazzarini E, Pinton S, et al. Tau protein quantification 
in skin biopsies differentiates tauopathies from alpha-synuclei
nopathies. Brain. 2022;145(8):2755–2768.

3. Dugger BN, Dickson DW. Pathology of neurodegenerative 
diseases. Cold Spring Harb Perspect Biol. 2017;9:a028035.

4. Mandelkow EM, Mandelkow E. Biochemistry and cell biology of 
tau protein in neurofibrillary degeneration. Cold Spring Harb 
Perspect Med. 2012;2:a006247.

5. Dugger BN, Whiteside CM, Maarouf CL, et al. The presence 
of select tau species in human peripheral tissues and their 
relation to Alzheimer’s disease. J Alzheimers Dis. 2016;51: 
345–356.

6. Dugger BN, Hoffman BR, Scroggins A, et al. Tau immunoreactiv
ity in peripheral tissues of human aging and select tauopathies. 
Neurosci Lett. 2019;696:132–139.

7. Adler CH, Dugger BN, Hinni ML, et al. Submandibular gland nee
dle biopsy for the diagnosis of Parkinson disease. Neurology. 
2014;82:858–864.

8. Chahine LM, Beach TG, Brumm MC, et al. In vivo distribution of 
alpha-synuclein in multiple tissues and biofluids in Parkinson 
disease. Neurology. 2020;95:e1267–e1284.

9. Koga S, Aoki N, Uitti RJ, et al. When DLB, PD, and PSP masquer
ade as MSA: an autopsy study of 134 patients. Neurology. 2015; 
85:404–412.

10. Adler CH, Beach TG, Hentz JG, et al. Low clinical diagnostic ac
curacy of early vs advanced Parkinson disease: clinicopatholo
gic study. Neurology. 2014;83:406–412.

11. Hampel H, O’Bryant SE, Molinuevo JL, et al. Blood-based biomar
kers for Alzheimer disease: mapping the road to the clinic. Nat 
Rev Neurol. 2018;14:639–652.


	Funding
	Competing interests
	References



