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Short Communication

Progressive Supranuclear Palsy: Subcortical
Tau Depositions Are Associated with
Cortical Perfusion in Frontal and Limbic
Regions
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Abstract. In progressive supranuclear palsy (PSP), subcortical tau and cortical perfusion can be assessed using the tracer
[18F]PI-2620. We investigated if subcortical tau (globus pallidus internus, dentate nucleus) and frontal/limbic perfusion
correlate in a cohort of 32 PSP patients. Tau in subcortical regions showed significant negative correlation with perfusion in
limbic cortex. Perfusion in frontal regions was negatively associated with tau in both subcortical regions, but the significance
threshold was only passed for the dentate nucleus. A reason could be a diaschisis-like phenomenon; that is, subcortical tau
could lead to reduced connectivity to frontal regions and, thereby, to decreased perfusion.
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PLAIN LANGUAGE SUMMARY

In a study of 32 patients with progressive supranu-
clear palsy (PSP), we used a molecular imaging
tracer called [18F]PI-2620 to measure two things: the
presence of a protein called tau in deep brain areas
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(specifically, the globus pallidus internus and den-
tate nucleus) and the function of the brain’s cortex
by assessing blood flow (perfusion). We found that
higher amounts of tau in these deep brain areas were
associated with reduced blood flow in the limbic cor-
tex, which is involved in emotion regulation. Also,
the frontal areas of the brain showed reduced blood
flow related to tau in these deep brain regions. How-
ever, this connection was statistically significant only
for the dentate nucleus. This study suggests that the
buildup of tau protein in deeper brain areas can disrupt
function in parts of the brain’s cortex, highlighting the
damaging role of tau in PSP.
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INTRODUCTION

Neuropathologically, progressive supranuclear
palsy (PSP) is characterized by the aggregation
of 4R-tau, primarily in subcortical areas of the
brain, such as the globus pallidus internus (GPI)
and the dentate nucleus.1 The typical pattern of
neuronal dysfunction in PSP can be identified by
assessing glucose metabolism or perfusion through
positron emission tomography (PET).2,3 In contrast,
the second-generation tau-PET tracer [18F]PI-2620
shows the typical pattern of tau deposition.4 How-
ever, unlike in Alzheimer’s disease,5 tau and
hypometabolism/perfusion patterns show limited
spatial overlap in PSP. Tau depositions are charac-
teristically found in subcortical regions, including
the GPI and dentate nucleus,4 while neuronal dys-
function dominates in cortical areas.2 It needs to
be clarified whether cortical perfusion is quantita-
tively associated with tau deposition in subcortical
regions, as this link between tau pathology and neu-
rodegeneration in PSP has yet to be examined. In
order to investigate this quantitative relationship,
key regions of subcortical tau and cortical perfu-
sion were chosen based on our previous work with
the tracer [18F]PI-2620.4,6 To assess tau depositions,
the non-displaceable binding potential (BPND) was
calculated, and for neuronal dysfunction, the early
perfusion phase of this tracer was used. Since an
[18F]FDG-PET was available in some patients, per-
fusion of [18F]PI-2620 and [18F]FDG metabolism
were correlated in cortical regions to validate whether
the perfusion modality adequately reflects neuronal
dysfunction.

METHODS

Participants

Thirty-two patients diagnosed with probable
or possible PSP according to established criteria
received a dynamic tau PET (0-60 min) with [18F]PI-
2620 at the Department of Nuclear Medicine of the
University of Cologne.7 Twenty-one patients also
received an [18F]FDG-PET, which we used here to
validate the perfusion modality. The clinical pheno-
type was evaluated according to established clinical
criteria.7,8 Furthermore, we implemented a [18F]PI-
2620 reference sample of N = 10 healthy controls. To
rule out Alzheimer’s disease pathology in our cohort
according to the established clinical criteria, all

patients were tested for amyloid in CSF (A�42/A�40
ratio) during their diagnostic work-up, while controls
had an amyloid-PET with [18F]Florbetaben (negative
on visual reads and Centiloids) for research purposes.
All participants provided their informed consent in
writing, and the study was conducted under the Dec-
laration of Helsinki.

Preprocessing of imaging data

SPM12 (https://www.fil.ion.ucl.ac.uk/spm/soft
ware/spm12/) was used for preprocessing. After
movement correction, all frames were normal-
ized to an established [18F]PI-2620 template.4

Voxel-wise whole-brain non-displaceable binding
potential (BPND) maps were calculated by using
the Simplified Reference Tissue Model 2 (SRTM2)
in QModeling.4,9 For the perfusion phase, we
summed the realigned frames from 0.5–2.5 minutes
p.i.2 We spatially normalized this perfusion image
and the [18F]FDG images to the SPM FDG PET
template. Standardized uptake value ratio (SUVR)
images of [18F]PI-2620 perfusion and [18F]FDG
were calculated with the cerebellum, excluding the
dentate nucleus as the reference region. All images
were smoothed with an 8 mm3 Gaussian kernel.
We chose the GPI and the dentate nucleus as key
regions of subcortical tau depositions4 and extracted
the mean BPND of these two subcortical regions.
For cortical perfusion and [18F]FDG metabolism,
we extracted the mean bilateral SUVR in frontal
and limbic areas according to the Brainnetome
Atlas,10 where PSP patients had significantly
lower perfusion than controls.6 A bilateral mask
of all combined significant frontal regions with
hypoperfusion (medial area 9 and medial area 10
of the superior frontal gyrus, dorsal area 44 of the
inferior frontal gyrus and inferior frontal sulcus)
and a bilateral mask of all combined significant
limbic regions with hypoperfusion (pregenual area
32, subgenual area 32, caudodorsal area 24 of the
cingulate gyrus) were created (Fig. 1A, B).10 Mean
BPND values were additionally extracted in the
cortical masks to correct the subsequent analyses
for the influence of local tau in cortical regions.
We wanted to measure whether subcortical tau,
which is a significant PSP imaging biomarker,4 is
linked to cortical perfusion. Therefore, we wanted
to rule out potential effects of local tau pathology in
cortical regions.

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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Fig. 1. (Continued)
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Table 1
Clinical and demographic data of the cohort. For age, disease
duration, and imaging data, mean and standard deviations were
calculated. Two-sample t-tests were calculated to test for differ-
ences between PSP patients and controls. To test for differences in

biological sex, the Chi-square test was applied

PSP HC p

Number 32 10 n/a
Age 69 ± 7 59 ± 8 0.007
Sex (m:f) 17 : 15 6 : 4 0.703
Symptom duration (mo) 32.5 ± 18.7 n/a n/a
BPND GPI 0.30 ± 0.16 0.14 ± 0.10 0.008
BPND Dentate 0.25 ± 0.13 0.18 ± 0.12 0.141
SUVR Frontal 0.81 ± 0.07 0.92 ± 0.05 <0.001
SUVR Limbic 0.86 ± 0.08 0.99 ± 0.05 <0.001

Statistical analyses: demographical and clinical
data

We calculated the mean and standard deviations
for age and duration of PSP symptoms. We applied
two-sample t-tests and the Chi-square test, testing for
age and sex differences between patients and controls
(see Table 1).

Statistical analyses: imaging data

After checking for a normal distribution using
the Kolmogorov-Smirnov test, we performed two-
sample t-tests of the mean perfusion SUVR and the
mean binding potential between PSP and the healthy
controls in each region of interest.

In a second step, we performed a partial corre-
lation between mean BPND in the two subcortical
regions, i.e., the GPI and dentate, and mean perfu-
sion SUVR in the frontal and limbic mask, correcting
for age, sex, and the amount of BPND in the respec-
tive cortical mask. Bonferroni correction for multiple
comparisons was applied to control the family-wise
error rate to �= 0.05/4 = 0.0125.

To validate whether early perfusion is equivalent
to neurodegeneration as measured by [18F]FDG, we
performed a partial correlation between perfusion
SUVR and FDG SUVR in the frontal and limbic

masks, corrected for age and sex (family-wise error
rate: �= 0.05/2 = 0.025).

RESULTS

Clinical data

Table 1 summarizes the demographic and clinical
data. Patients were significantly older than the healthy
control sample. PSP phenotypes were distributed as
follows: 19 PSP with Richardon’s syndrome, 1 PSP
with progressive gait freezing, 4 PSP with predomi-
nant corticobasal syndrome, 1 PSP with predominant
parkinsonism, 2 with predominant speech/language
disorder, 2 with predominant frontal presentation.
Three patients were not further classified.

Imaging analysis

Upon visual inspection, the PSP cohort’s mean
BPND maps showed a typical tau deposition pattern
(Fig. 1C). Two-sample t-tests revealed that BPND in
GPI was higher in PSP patients than in controls. The
higher BPND in the dentate nucleus of PSP patients
did not differ significantly from healthy controls. Per-
fusion SUVRs in frontal and limbic masks were lower
in PSP patients than in healthy controls.

There were significant negative correlations
between the mean BPND in GPI and mean perfu-
sion SUVR in the limbic mask (r = –0.495, p = 0.006)
(Fig. 1E), as well as between BPND in dentate and
perfusion SUVR in frontal (r = –0.462, p = 0.012)
(Fig. 1F) and limbic mask (r = –0.651, p < 0.001)
(Fig. 1 G). There was a borderline-significant corre-
lation between BPND in GPI and perfusion SUVR in
the frontal mask (r = –0.367, p = 0.050) (Fig. 1D).

Mean perfusion and mean FDG SUVR maps are
presented in Fig. 1H and 1I. There were strong
and significant positive correlations between perfu-
sion SUVR and FDG SUVR in frontal (r = 0.695,
p = 0.001) and limbic mask (r = 0.690, p = 0.001)
(Fig. 1J, K).

Fig. 1. Link between subcortical tau and cortical dysfunction in PSP. A frontal mask A) and a limbic mask B) were created by including
regions of the Brainnetome atlas,10 where patients with PSP had significant hypoperfusion in previous work.6 C) Mean BPND maps in the
PSP cohort showing a typical pattern of tau depositions in subcortical regions. D-G) Partial correlation analyses between BPND in GPI and
dentate and perfusion SUVR in frontal and limbic mask corrected for age, sex and BPND in respective cortical mask. For visualization,
scatterplots of the residuals of BPND and SUVR in the corresponding region were created. H) Mean perfusion SUVR map of [18F]PI-2620.
I) Mean SUVR map of [18F]FDG. SUVR were calculated with the cerebellum excluding the dentate nucleus as reference region. J, K) Partial
correlation analyses between perfusion SUVR and FDG SUVR in frontal and limbic mask corrected for age and sex. For visualization,
scatterplots of the residuals of PDG and perfusion in the corresponding region were created.
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DISCUSSION

Here, we show that frontal and limbic cortical
perfusion, is linked to the amount of subcortical
tau as identified with Tau PET. Cerebral perfusion
was strongly associated with [18F]FDG metabolism
in this PSP cohort, similar to our previous work.2

Since [18F]FDG is an established biomarker to assess
neuronal dysfunction due to neurodegeneration, it is
tempting to speculate that subcortical tau is linked to
neuronal dysfunction in cortical regions.

We conclude that [18F]PI-2620 can provide quan-
tifiable information on the underlying pathology (i.e.,
tau) and cortical dysfunction (i.e., perfusion). Unlike
in AD, the patterns of neurodegeneration and tau
deposition do not spatially overlap. A reason could
be a diaschisis-like phenomenon; that is, subcorti-
cal tau could lead to reduced connectivity to frontal
regions and, thereby, to decreased perfusion. It is
important to note that while we observed a statisti-
cal relationship between the magnitude of subcortical
tau and cortical dysfunction, this does not mean that
these two biomarkers are interchangeable. Interest-
ingly, the link between tau in the GPI and perfusion
in the frontal region was only borderline-significant
although the GPI directly projects to the regions of the
frontal mask.10 Therefore, more studies, specifically
longitudinal ones with more subjects, are needed to
examine the potential temporal sequence of subcorti-
cal tau pathology and cortical perfusion in PSP. In this
regard, it might be interesting to examine whether the
link of subcortical tau and cortical perfusion differs
in clinical PSP phenotypes or whether hypoperfusion
might be partially restored by dopamine replacement
therapy.
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