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Abstract

Huntington’s disease (HD) is an autosomal dominant disorder caused by a trinucleotide expansion 

in the huntingtin gene. Recently, a new role for tau has been implicated in the pathogenesis of HD, 

while others have argued that postmortem tau pathology findings are attributable to concurrent 

Alzheimer’s disease pathology. The frequency of other well-defined common age-related tau 

pathologies in HD has not been examined in detail.

In this single center, retrospective analysis, we screened seven cases of Huntington’s disease 

(5 females, 2 males, age at death: 47–73 years) for neuronal and glial tau pathology 

using phospho-tau immunohistochemistry. All seven cases showed presence of neuronal 

tau pathology. Five cases met diagnostic criteria for Primary Age-Related Tauopathy 

(PART), with three cases classified as definite PART and two cases as possible PART, 

all with a Braak stage of I. One case was diagnosed with low level of Alzheimer’s 

disease neuropathologic change. In the youngest case, rare perivascular aggregates of tau-

positive neurons, astrocytes and processes were identified at sulcal depths, meeting current 

neuropathological criteria for stage 1 Chronic Traumatic Encephalopathy (CTE). While the 

patient had no history of playing contact sports, he experienced several falls but no definitive 

concussions during his disease course. Three of the PART cases and the CTE-like case 

showed additional evidence of Aging-Related Tau Astrogliopathy. None of the cases showed 

significant tau pathology in the striatum.

In conclusion, while we found evidence for tau hyperphosphorylation and aggregation in 

all seven of our HD cases, the tau pathology was readily classifiable into known diagnostic 

entities and most likely represents non-specific age-related changes. Since the tau pathology 

was very mild in all cases and not unexpected for a population of this age range, it does not 

appear that the underlying HD may have promoted or accelerated tau accumulation.
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Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder 

caused by an abnormal CAG repeat expansion in exon 1 of the huntingtin gene 1. 

Clinically, HD presents with progressive motor, cognitive and psychiatric symptoms 2–4. 

Neuropathologically, HD is characterized by progressive atrophy of the striatum, which 

forms the basis for the 5-tiered Vonsattel grading scheme 5. At time of autopsy, most HD 

brains exhibit markedly reduced brain weights, which is a reflection of more widespread 

brain involvement with volume loss of cerebral cortex, white matter and limbic regions 
4, 6. Microscopically, neuronal loss in the striatum is accompanied by reactive astrogliosis 

and intranuclear, cytoplasmic and neuritic inclusions at varying densities, which can be 

detected in both striatum and cerebral cortex by immunohistochemistry using antibodies 

targeted at huntingtin, polyglutamine or ubiquitin 7, 8. In addition, fused-in-sarcoma (FUS), 

an RNA binding protein, was identified as a major component of intranuclear aggregates 

in polyglutamine diseases including HD 9, and showed greater sensitivity in detecting them 

compared to ubiquitin or p62 10. FUS positive cellular inclusions are the histopathologic 

hallmark of rare forms of familial ALS 11, 12 and several rare subtypes of frontotemporal 

lobar degeneration, collectively termed FTLD-FUS 13–15, but are not observed in other 

neurodegenerative conditions with the exception of polyglutamine diseases 16.

Many other proteinopathies have been identified in HD brains 17–20, including alpha-

synuclein and transactive response DNA-binding protein (TDP-43). Most attention, however, 

has been recently paid to the presence of co-existing tau pathologies. Two case series 

have identified neuronal tau pathology with or without associated beta-amyloid plaques 

in large proportions of HD cases, with higher frequency and severity in elderly subjects, 

meeting formal criteria for Alzheimer’s disease in a subset of cases 21, 22. While striatal 

tau deposition was not discussed in one of these studies 21, Jellinger et al noted that no 

subcortical neurofibrillary tangles or neuropil threads were seen in any of their adult HD 

brains 22. This is in contrast to two recent studies, describing a wide range of neuronal 

and glial tau deposits in the striatum of HD brains and an unusual form of rod-like tau 

deposits (TNR) spanning the neuronal nuclear space 23, 24. These TNRs were thought to 

represent neuronal nuclear indentations filled with tau protein and were detected at much 

higher frequency in the cortex and striatum of HD compared to control brains. Furthermore, 

biochemical analyses of striatal tissue demonstrated abnormal tau phosphorylation in 

advanced disease stages and aberrant tau splicing with increased exon 10 inclusion, leading 

to higher 4R/3T tau isoform ratios in HD compared to control striatum 19, 23. Consistent 

with the human findings, in vitro studies and rodent HD models showed evidence of 

interaction between mutant huntingtin and tau resulting in tau hyperphosphorylation 25. 

Based on these findings, it has been postulated that HD may represent a new member of the 

family of tauopathies 26.

Tauopathies are a heterogeneous group of neurodegenerative diseases, defined by the 

presence of neuronal and/or glial tau inclusions with distinct morphological patterns, 

distribution and isoform composition 27. In recent years, tau pathologies have undergone 

re-classification, with age-related neuronal and astroglial tau aggregation now recognized 

as distinct entities, termed Primary Age-Related Tauopathy (PART) 28 and Aging-Related 

Tau Astrogliopathy (ARTAG) 29, respectively. PART describes the common presence of 

neurofibrillary tangle pathology in the brains of elderly individuals, mostly restricted to 
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structures of the medial temporal lobe, and without accompanying amyloid deposition 

(definitive PART) or only minimal diffuse but no neuritic amyloid plaques (possible PART) 
28. ARTAG refers to the accumulation of hyperphosphorylated tau in astrocytes of the aging 

brain. The tau-positive astrocytes of ARTAG are defined by thorn-shaped or granular/fuzzy 

morphologies and are found in characteristic distribution patterns 29–31. These pathologies 

can be found concurrently with many other neurodegenerative disease processes, but their 

presence in HD brains has not been evaluated so far. We present a series of seven HD 

cases, which were studied in detail for presence and distribution of phospho-Tau (pTau) 

aggregation and common age-related tau pathologies.

Materials and Methods

Patients:

Seven cases of HD were identified in a database search of the Neurodegenerative Brain 

Bank at the University of Pittsburgh. The cases were collected between 1998 and 2017 

with consent by next-of-kin and approval by the Committee for Oversight of Research and 

Clinical Training Involving Decedents (CORID). All cases carried a clinical diagnosis of HD 

which was confirmed by pathognomonic findings on postmortem examination. Information 

about CAG repeat expansion within the huntingtin gene was available in only two cases. 

Medical records were reviewed for information about disease course and symptoms. For one 

subject, clinical notes were available from the University of Pittsburgh Alzheimer’s disease 

research center (ADRC).

Neuropathology methods:

After 1–2 weeks of immersion fixation in 10% neutral buffered formalin, all brains 

underwent standard diagnostic neuropathological examination. Coronal slices were reviewed 

grossly for severity of striatal atrophy and rated following the Vonsattel grading system 5. 

Sections for microscopic examination were sampled from multiple anatomic regions using 

a standardized approach to include cerebral cortex from all four lobes, basal ganglia at 

multiple coronal levels, thalamus, hippocampus, amygdala, brainstem and cerebellum. Five 

μm thick paraffin sections were stained for hematoxylin and eosin (H&E). Select cortical 

sections were stained with a modified Bielschowsky silver stain to screen for neuritic plaque 

pathology 32, 33. Immunohistochemical stains for beta-amyloid, phospho-tau (pTau), alpha-

synuclein and phospho-TDP were performed on select sections to screen for Alzheimer’s 

disease neuropathologic changes and other neurodegenerative pathologies as recommended 

by the 2012 National Institutes of Aging/Alzheimer’s Association guidelines 33, 34. P-

Tau immunostains were performed on all available sections. Additional phosphorylation-, 

conformation-, and isoform-dependent and independent tau antibodies were used on striatal 

sections. For cases that were banked before 2012, additional stains were performed as 

needed in order to re-classify these cases according to current guidelines. All cases were 

screened for the presence of intranuclear inclusions using antibodies against polyglutamine, 

p62 and fused in sarcoma (FUS).

Immunohistochemical staining was performed with the following pretreatment protocols, 

antibody dilutions and sources: beta-amyloid (NAB228, 1:4000, formic acid; Cell Signaling, 
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Danvers, MA), alpha-synuclein (LB509, 1:300, protease XXIV; Invitrogen, Thermo Fisher, 

Waltham, MA), tau (polyclonal, 1:200, no antigen retrieval; Dako Agilent, Santa Clara, 

CA), pTau ser396/ser404 (PHF1, 1:1000, citrate; kindly provided by Peter Davies, The 

Feinstein Institute for Medical Research, NY), pTau ser202 (CP13, 1:1000, citrate; 

kindly provided by Peter Davies), 3R tau isoform (RD3, 1:1000, citrate, Millipore, 

Burlington, MA), 4R tau isoform (ET3, 1:100, citrate, kindly provided by Peter Davies), 

oligomeric tau (T22, 1:1000, citrate, Millipore), phospho-TDP (1D3, 1:500, citrate; kindly 

provided by Manuela Neumann, Helmholtz Zentrum, München, Germany), polyglutamine 

(1C2, 1:500, citrate; Millipore), p62 (3/P62, 1:1000, citrate; BD Biosciences, San Jose, 

CA), FUS (HPA008784, 1:400, citrate; Sigma-Aldrich, St. Louis, MO) and splicing 

factor proline- and glutamine-rich (SFPQ; polyclonal, ab38148, 1:2000, citrate, Abcam, 

Cambridge, MA). Immunohistochemical signal was visualized using Vectastain Elite 

ABC HRP kit (Vector, Burlingame, CA) following the manufacturer’s instructions and 

NovaRED peroxidase substrate as chromogen (Vector). Slides were counterstained with 

Mayer’s hematoxylin (Sigma-Aldrich). To investigate a possible relationship between HD-

associated intranuclear inclusions and SFPQ, double-labeling immunofluorescence studies 

were performed using Alexa Fluor 488 and Cy3-labeled secondary antibodies (both 1:200, 

Jackson ImmunoResearch, West Grove, PA) and DAPI nuclear counterstain (1:1000, 

Thermo Scientific, Waltham, MA).

Evaluation of tau pathology:

All available sections from all seven cases were screened for the presence of PHF1-positive 

pTau aggregates in neurons and glial cells. If present, regional distribution, semiquantitative 

density (mild, moderate, severe) and morphology were documented. Based on these features, 

tau pathology was classified according to current diagnostic guidelines for PART, ARTAG, 

AD and other tauopathies as appropriate 27–29, 33–35.

Results

There were 5 females and 2 males in our study, ranging in age at death from 47 to 73 years. 

At least partial clinical information about neuropsychiatric manifestations was available on 

all of the subjects and is listed in table 1.

Neuropathological findings are summarized in table 2. With the exception of the youngest 

subject, all cases demonstrated reduced brain weights, with the majority weighing near or 

below 1000 grams. All cases exhibited marked gross atrophy of the neostriatum, associated 

with severe neuronal loss and gliosis in these regions. Using the Vonsattel grading system, 

all cases met criteria for grades 3 or 4. Diagnosis was supported by the presence of 

characteristic intranuclear polyglutamine inclusions in striatal and neocortical neurons. The 

inclusions were also reactive for p62 and FUS (Figure 1). FUS nuclear immunoreactivity 

was weaker in some but not all neurons bearing intranuclear FUS aggregates.

Screening of all available tissue sections using pTau immunohistochemistry revealed the 

presence of neuronal tau pathology in all cases. In six of the seven cases, the neuronal 

tau pathology consisted of a few neurofibrillary tangles and neuropil threads, which were 

restricted to the mesial temporal lobe (Figure 2A). No neocortical tau pathology was present 
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in any of these six cases, consistent with Braak stages of I or II. Three of the cases showed 

no evidence of beta-amyloid deposition and met criteria for definite Primary Age-Related 

Tauopathy (PART) 28. Two cases had a few diffuse amyloid deposits in the neocortex, but no 

neuritic plaques, and were classified as possible PART. Only one case showed sparse neuritic 

plaques and subcortical amyloid deposition, meeting criteria for low-level Alzheimer’s 

disease neuropathologic change (A2, B1, C1) following the 2012 NIA-AA criteria for the 

neuropathologic assessment of AD 33, 34.

The neuronal tau pathology in case 1, the youngest subject in our case series, followed 

a different distribution. Sections of midfrontal, precentral and insular cortex revealed 

perivascular aggregates of neurofibrillary tangles, neuropil threads, a few dot-like structures 

and rare glial inclusions (Figure 2F). Some but not all of these aggregates were located 

at the depth of cortical sulci. Most other neocortical sections contained a few scattered 

neurofibrillary tangles and neuropil threads without forming distinct aggregates. In the 

mesial temporal lobe, moderate neuronal tau pathology was seen in amygdala and CA1 

sector of the anterior hippocampus, whereas only sparse tangles and threads were present 

in posterior hippocampus and entorhinal cortex. Given the presence of characteristic 

perivascular pTau aggregates, the findings were consistent with a neuropathological 

diagnosis of stage 1 Chronic Traumatic Encephalopathy (CTE) 35, 36. In retrospective 

interviews with the patient’s family, no history of contact sports participation was revealed. 

Although it was noted that he experienced several falls during his disease course, the family 

did not recollect any clinically symptomatic concussion events.

In addition to neuronal tau pathology, we also identified pTau aggregation in astrocytes in 

four of the cases. In two of the PART cases, the glial tau pathology consisted predominantly 

of thorn-shaped astrocytes and was found in perivascular white matter, subpial and 

subependymal distributions in the anterior mesial temporal lobe and basal forebrain (Figures 

2B–D). In a third PART case, there was only minimal glial tau pathology in amygdala and 

frontal cortex, morphologically consistent with granular/fuzzy astrocytes (Figure 2E). The 

morphology and distribution of the pTau positive astrocytes were characteristic of findings 

seen in Aging-Related Tau Astrogliopathy (ARTAG) 29.

Perivascular clusters of thorn-shaped astrocytes were also detected in the CTE case in the 

white matter of the anterior mesial temporal lobe and region of the nucleus basalis, which 

were considered to represent ARTAG. In addition, thorn-shaped astrocytes were found 

focally in a subpial location in the insular cortex (Figure 2G), at the depth of a sulcus 

with an underlying perivascular neuronal tau aggregate, and thought to be CTE-related 
31, 35. Another small cluster of subpial thorn-shaped astrocytes was noted focally at the 

surface of the anterior transentorhinal cortex, overlying a remote microscopic glial scar with 

hemosiderin deposition (Figures 2H–I).

A wide range of phosphorylation-, isoform- and conformation-dependent and independent 

tau antibodies was employed to screen for striatal tau pathology but only minimal changes 

were identified (Figure 3). In five cases, very rare threads were seen and one of these cases 

also contained a very rare pre-tangle and thorn-shaped astrocyte. The remaining two cases 
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were negative. No rod-like or other tau nuclear inclusions were identified in any of our 

cases.

Phospho-TDP43 immunohistochemistry revealed neuronal cytoplasmic inclusions in two of 

the seven cases. In one case, there was minimal involvement of the amygdala only. In the 

oldest subject, pTDP43 pathology extended beyond the amygdala into the mesial temporal 

cortex. No striatal pTDP43 or alpha-synuclein pathology was detected in any of our HD 

cases.

Given previous reports of an interaction of FUS, a major component of intranuclear 

inclusions in HD, with splicing factor proline- and glutamine-rich (SFPQ) in mediating exon 

10 splicing of the tau gene, MAPT, we proceeded to explore the neuronal nuclear expression 

pattern of SFPQ in HD (Figure 4). In neocortical sections, there was uniform and strong 

nuclear SFPQ reactivity in neurons. In striatal neurons, nuclear SFPQ expression was more 

variable, with some neurons being completely negative. However, no definitive intranuclear 

SFPQ aggregates were identified and no association was apparent between SFPQ nuclear 

signal intensity and presence or absence of HD-associated intranuclear inclusions.

Discussion

In this small case series, we systematically evaluated seven HD brains for the presence of 

age-associated neuronal and astroglial tau pathologies, applying for the first time the newly 

defined criteria for PART and ARTAG in the context of HD 28, 29. We also describe the first 

case of CTE-like pathology in a HD patient.

The co-existence of neurofibrillary tangle and AD-like pathology in a subset of HD brains 

has long been recognized in a few single case reports and case series (summarized in 26). 

In the largest case review to date by Vonsattel et al, 13% of 1250 HD brains showed 

Alzheimer type changes insufficient in extent to meet neuropathological criteria of AD, 

and 2% of 866 brains had co-existing AD. Since no details were provided, it is unclear 

how many of these case would now be considered PART 7. In a more detailed evaluation 

of 27 HD brains aged 34 to 75 years by Jellinger et al, 33% of brains were found to be 

negative for tau and amyloid pathologies, 48% exhibited early tau pathology (Braak stage 

I-II) without associated amyloid deposition, and only 19% showed both amyloid and tau 

pathologies (Braak stages II-III) 22. Using the current classification scheme, the group of 

tau-positive and amyloid-negative cases would meet criteria for definite PART. In a similar 

study focused on 15 elderly HD subjects, a higher proportion of cases (73%) exhibited AD 

neuropathologic changes, whereas only 13% of cases showed a PART pathology pattern 21, 

suggesting that the incidence of AD pathology increases with age in HD patients, similar 

to the general population. Although the small case number in our study precludes statistical 

analysis, amyloid negative definite PART subjects were younger (mean age 60.3 years) than 

amyloid positive subjects with possible PART or AD pathology (mean age 69.7 years), 

showing a similar trend.

Neuronal tau pathology in a pattern consistent with early Braak stages is a frequent 

occurrence in the aging brain 37. Although Jellinger et al commented that the tau pathology 
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in their HD cohort occurred somewhat earlier than in their control group, case numbers 

were small and age ranges for both groups broadly overlapped with the age ranges for 

Braak stage I-II tau pathology in a large population cohort 37, 38. There is currently no 

convincing evidence that the underlying HD pathogenic process accelerated or promoted the 

development of aging-related neuronal tau accumulation.

Tau does not only accumulate in neurons with aging, but also in astrocytes. While several 

earlier reports have recognized this phenomenon, the recent designation of a specific term 

for this process, ARTAG, has allowed for a more standardized evaluation and distinction 

from astroglial tau pathology occurring in primary tauopathies 29. Using the specific 

morphological criteria proposed by Kovacs et al, we identified thorn-shaped astrocytes in 

three cases and granular/fuzzy astrocytes in one case. The overall ARTAG frequency of 57% 

in our HD cohort is higher than the reported frequency for control brains but similar to the 

frequency in a wide range of neurodegenerative disorders including AD and PART 30, 31. 

While the mean age at death of our HD cohort was more than a decade lower than in the 

AD/PART cohorts by Kovacs et al 31, there was no difference in mean age between our 

ARTAG positive and negative cases and our cases numbers are too low to allow us to draw 

any conclusions about possible interactions between HD and ARTAG pathologies.

An unexpected finding was the presence of stage 1 CTE-like pathology in our youngest 

subject. While this is the first description of CTE pathology in a HD patient, its co-existence 

has been reported in a wide range of neurodegenerative disorders 39–41, with the highest 

frequencies observed in Progressive Supranuclear Palsy (PSP). While most but not all of the 

positive cases had a history of contact sport participation or other form of traumatic brain 

injury, many patients also experienced multiple falls later in life related to their underlying 

neurodegenerative disease 41. Our subject experienced frequent falls during his HD course, 

but no clinically symptomatic concussion event or other trauma history could be elicited in 

interviews with his family. Given the retrospective nature of our study, we were unable to 

obtain reliable data about falls in our other study subjects. If representative, the frequency 

of CTE-like pathology in our cohort is similar to the ones reported for aged controls and 

neurodegenerative conditions other than PSP, but the causative role of frequent falls in the 

development of CTE pathology needs further investigation, in particular in the setting of an 

underlying neurodegenerative process.

We did not identify any significant neuronal or glial tau pathology in the striatum, 

which aligns with the observations by Jellinger et al 22 who did not find any subcortical 

neurofibrillary tangles or neuropil threads in their HD subjects, but is in contrast to the 

findings by Vuono et al 24, who reported a wide range of neuronal and glial inclusions in the 

striatum and cortex of HD patients. They did not provide details about frequency and density 

of these aggregates in individual subjects, but noted, however, that the nucleus accumbens 

and inferior/anterior putamen were the sites of greatest tau pathology in the striatum. Given 

that these regions of the basal ganglia are least vulnerable to HD-associated degeneration 

on one hand 4, 5 and one of the subcortical brain regions more commonly affected by 

age-related tau deposition on the other hand 28, one might argue that the tau pathologies 

observed by Vuono et al were aging-associated rather than HD-related. Furthermore, we 

were unable to detect any of the tau nuclear rods described by Fernandez-Nogales et al 
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at high frequencies in HD brains. This may be due to technical differences, as our tau 

antibodies showed much less neuronal cytoplasmic staining and the nuclear rods were 

thought to represent tau-filled nuclear indentations 23.

In apparent contrast to these inconsistent immunohistochemical findings of striatal tau 

deposition, several independent studies have reported similar biochemical abnormalities in 

the striatum, most notably tau splicing alterations leading to an increased 4R/3R tau isoform 

ratio in HD 19, 23, 24. There is only limited evidence of direct interaction between mutant 

huntingtin (mHtt) and tau in vivo 23, 25, 26, but the segregation of tau splicing factors 

by mHtt has been proposed as an indirect mechanism. Specifically, serine/arginine-rich 

splicing factor-6 (SRSF6), a putative tau splicing factor, was recently shown to accumulate 

in HD intranuclear inclusions and to increase 4R/3R tau ratio in cells co-transfected with 

mHtt and SRSF6 23. We propose an alternative mechanism mediated by the interaction 

of FUS with splicing factor, proline- and glutamine-rich (SFPQ) based on several lines 

of evidence. Multiple groups have identified exon 10 in the tau gene, MAPT, as one of 

the principal exons that undergoes FUS-dependent alternative splicing in neurons 42–46. 

Similarly, SFPQ has also been reported to be involved of MAPT exon 10 alternative splicing 
47. More recently, it was demonstrated that FUS and SFPQ interact in neuronal nuclei, and 

that loss of either functionality disrupts tau isoform equilibrium, increases the 4R/3R tau 

ratio, and induces pTau accumulation and neuronal loss in rodent models 48. While SFPQ 

nuclear reactivity was preserved in cortical neurons of our HD subjects, staining of striatal 

neurons was more variable, but no SFPQ intranuclear aggregates were identified. However, 

as described previously 9, 10, we found the HD-associated intranuclear inclusions to be 

strongly immunoreactive for FUS. In HD mice, it was shown that co-aggregation between 

FUS and mHtt resulted in the depletion of free FUS protein 49. We therefore propose the 

hypothesis that the reduced nuclear availability of free FUS may be in part responsible for 

the observed tau isoform alterations in HD, possibly mediated through decreased interaction 

with SFPQ.

Lastly, it should be pointed out that the observed biochemical changes in tau isoform ratio 

were more prominent at higher Vonsattel HD stages 19, when significant neuronal loss had 

already occurred and reactive gliosis is present. Analyses of neostriatal samples at later 

disease stages would therefore increasingly reflect the astrocytic component and possibly 

projections from remote neurons 5. While the astrocytic tau pathology in many but not all 

primary tauopathies as well as in ARTAG was shown to be 4R-predominant 29, 50, little 

is known about the tau isoform expression pattern by reactive astrocytes and may warrant 

further investigation.

In conclusion, in this small retrospective case series, we found evidence of tau 

hyperphosphorylation and aggregation in all of our HD cases. The tau pathology was 

readily classifiable into known diagnostic entities and most likely represents non-specific 

age-related changes. Compared to the age ranges reported for other cohorts, it does not 

appear that the PART and ARTAG pathologies were promoted or accelerated by the 

underlying HD processes, but confirmation in larger case series would be required. Several 

putative mechanisms have been put forth to explain the tau splicing abnormalities observed 
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in HD brains, but their role in HD pathogenesis and progression are still undetermined and 

they do not necessarily promote immunohistochemically detectable pTau aggregates.
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Figure 1. 
HD-associated intranuclear inclusions are highlighted by immunohistochemical stains for 

(A) p62, (B) polyglutamine, (C, D) FUS, with diminished diffuse FUS nuclear reactivity in 

(C) and preserved nuclear FUS reactivity in (D) compared to non-inclusion bearing neurons.
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Figure 2. 
(A) Representative image of age-associated neuronal tau pathology, consisting of 

neurofibrillary tangles and neuropil threads in the entorhinal cortex. (B-E) Representative 

images of age-associated astrocytic tau pathologies, depicting examples of perivascular 

white matter (B), subpial (C), and subependymal (D) thorn-shaped astrocytes and rare 

granular/fuzzy cortical astrocytes (E). (F-I) CTE-like pathology in case 1, consisting of 

perivascular aggregates at a sulcal depth (F) associated with thorn-shaped astrocytes in the 

overlying subpial zone (G). H&E image of hemosiderin-containing glial scar in superficial 
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entorhinal cortex (H) associated with thorn-shaped astrocytes in the overlying subpial zone 

(I). All images except H are labeled with pTau antibody PHF1.
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Figure 3. 
Minimal tau pathology is present in the striatum. (A-C) Rare neuropil threads, (D) a very 

rare pre-tangle and (E) a very rare thorn-shaped astrocyte are seen. No nuclear rods are 

identified in residual striatal neurons (F). Images A and E are labeled with pTau antibody 

PHF1, images B and D with pTau antibody CP13 and images C and E with phosphorylation-

independent polyclonal tau antibody.
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Figure 4. 
Immunofluorescence staining for SFPQ (green) reveals strong nuclear neuronal reactivity in 

cortical sections (A), but variable nuclear reactivity in the striatum (B, C). SFPQ nuclear 

reactivity is diffuse and somewhat granular, but no intranuclear aggregates were identified. 

HD-associated intranuclear inclusions, highlighted by p62 (red) are seen in strongly (A, B) 

and weakly (C) SFPQ-positive cells.

Baskota et al. Page 16

Lab Invest. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baskota et al. Page 17

Table 1.

Summary of demographic and clinical findings

Case 
number

Age at 
onset 

(years)

Age at 
death 

(years)
Sex

Dementia/
cognitive 

impairment
Chorea Psychiatric 

manifestations
Family 
history

CAG repeat 
number

1 37 47 M Y Y Y Unknown 
(adopted)

43

2 38 49 F Y Y Y N/A N/A

3 56 64 M Y Y N/A N/A N/A

4 44 66 F Y Y Y Y 43

5 48 66 F Y Y N/A Y N/A

6 69 72 F N Y N Y N/A

7 54 73 F Y Y N Y N/A
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Table 2.

Summary of neuropathological findings

Case 
number

Brain 
weight 
(grams)

Vonsattel 
grade

Neuronal tau pathology 
pattern

Braak 
stage

ARTAG Striatal tau 
pathology

pTDP 
pathology

1 1400 3 CTE N/A Y Rare threads Negative

2 910 4 Definite PART 1 N Negative Negative

3 1190 3 Possible PART 1 Y Very rare thread Negative

4 880 3 Definite PART 1 Y Very rare pre-tangle, 
thread and thorn-
shaped astrocyte

Negative

5 965 4 Definite PART 1 N Rare threads Minimal, 
amygdala

6 1050 3 AD neuropathologic 
change, low level

2 N Negative Negative

7 870 3 Possible PART 1 Y Rare threads Mild, mesial 
temporal
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