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Abstract

Objective Neuronal damage and neuroinflammation are important events occurring in the brain of Alzheimer’s disease (AD).
The purpose of this study was to clarify in vivo mutual relationships among abnormal tau deposition, neuroinflammation
and cognitive impairment in patients with early AD using positron emission tomography (PET) with [''C]PBB3 and [!!C]
DPA713.

Methods Twenty patients with early AD and 20 age-matched normal control (NC) subjects underwent a series of PET meas-
urements with [''C]PBB3 for tau aggregation and ['!C]DPA713 for microglial activation (neuroinflammation). Inter- and
intrasubject comparisons were performed regarding the levels of [''C]PBB3 binding potential (BPyp) and [!!C]DPA713
BPyp in the light of cognitive functions using statistical parametric mapping (SPM) and regions of interest (ROIs) method.
Results The [''C]PBB3 BPy, was greater in the temporo-parietal regions of AD patents than NC subjects, and a similar
increasing pattern of [''C]JDPA713 BPyp, was observed in the same patients. Correlation analyses within the AD group
showed a positive direct correlation between [''C]JPBB3 BPy, and [''C]DPA713 BPyp, in the parahippocampus. Pass analysis
revealed that cognitive impairment was more likely linked to the level of the parahippocampal [!!C]PBB3 BPyp than that
of [''CIDPA713 BPyp,.

Conclusions The pattern of abnormal tau deposition was very similar to that of neuroinflammation in patients with early-
stage AD. Specifically, the direct positive correlation of tau pathology with neuroinflammation in the parahippocampus
suggests that neuronal damage in this region is closely associated with microglial activation. Consistently, tau aggregation
in this region matters more than neuroinflammation regarding the cognitive deterioration in AD.
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Introduction

The accumulation of senile plaques and neurofibrillary
tangles are neuropathological hallmarks of Alzheimer dis-
ease (AD) [35]. Neuroinflammation is increasingly being
recognized as playing a pivotal role in the pathology of
AD [31, 37, 39]. Neuroinflammation in the AD brain is
chiefly characterized by the presence of activated micro-
glia [16, 37, 39]. The activated microglia accompany cere-
bral glucose hypometabolism or cerebral atrophy, suggest-
ing that neuroinflammation predicts disease progression
in patients with AD [6]. According to previous studies,
p-amyloid (Ap) accumulation activates microglia, which,
in turn, accelerates Af accumulation by releasing inflam-
matory substances [16, 39]. However, our recent study did
not support the theory that Ap deposition itself accelerates
microglial activation in AD [37]. According to the amyloid
hypothesis, Ap plays a key role in disease initiation [11,
12]. AP is responsible for triggering tau pathology, which
is closely related to the progression of neurodegeneration
[11, 30]. Neurodegeneration seems to be further acceler-
ated in a vicious circle between activated microglia and
tau pathology [3, 18]. Therefore, the link between acti-
vated microglia and aggregated tau is a key that must be
considered when explaining the progression of AD. In the
living AD brain, however, little is known about the mutual
concurrent relationships among tau pathology, activated
microglia and cognitive decline in the same patients. [!'C]
PBB3 and ['!C]DPA713 were developed as PET tracers
for aggregated tau [19, 30] and activated microglia [21,
22, 38], respectively. While molecular imaging studies of
tau/neuroinflammation are flourishing, a large amount of
data from different patients has been analyzed to deter-
mine biomarkers characterizing AD from the macroscopic
perspective.

We aimed to assess the relationship between tau aggre-
gation and neuroinflammation and their effects on clinical
manifestations in the same group of patients with early AD
using PET with ['!C]PBB3 and ['!C]DPA713.

Materials and methods
Participants

Twenty AD patients with clinical dementia rating
(CDR) scores of 0.5 and 1 (7 men and 13 women; mean
age +SD: 69.4 + 8.3 years, all right-handed) and twenty
age-matched, normal control (NC) subjects (9 men, 11
women; 69.5 + 8.8 years, all right-handed) were enrolled
in this study. Patients and NC subjects were recruited from

our hospital and by in-house advertisements, respectively,
from April 2014 to April 2017. Participants were excluded
if they had neurological problems that might interfere with
cognitive function or MRI findings such as cerebrovas-
cular disease, traumatic brain injury, brain tumor, hydro-
cephalus and epileptic foci. All patients met the criteria
for the diagnosis of probable AD dementia with evidence
of the AD pathophysiological process based on the criteria
of National Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer’s Dis-
ease (NIA/AA AD) [1, 20]. Because we focused on the
pathophysiological sign of early-stage AD in this study,
patients with CDR 2 or 3 indicating severe or moderate
dementia were excluded. All patients were scanned with
["'C]PiB PET within 6 months prior to the current study to
biologically confirm the AD diagnosis [37]. This Ap imag-
ing was only used for selecting Ap-positive AD patients.
Indeed, the relation of Af with abnormal tau and neuroin-
flammation in the same platform might be interesting, but
the considerable intervals between AP scans and others
confound the outcome. All patients with AD were taking a
minimum level of donepezil (5 mg) at entry because their
clinical symptoms were mild, and the medications were
temporarily suspended 12 h before the PET measurement
to set the scan condition as uniformly as possible.

Neuropsychological assessments for all participants
comprised the Mini-Mental State Examination (MMSE)
for global cognitive function [34], Wechsler Memory Scale-
Revised (WMSR) Logical Memory (LM) test for episodic
memory, Frontal Assessment Battery (FAB) for executive
function, and CDR for assessing the severity of symptoms
of dementia.

This study was reviewed and approved by the Ethics
Committee of Hamamatsu University School of Medicine
and Hamamatsu Medical Center. Written informed consent
was obtained from all subjects prior to participation in this
study.

MRI scanning

Before the PET scan, MRI (1.5-T GE, Signa Excite HDx,
Chicago, USA) of the brain was performed with 3-dimen-
sional mode sampling (TR =25.0, TE = minimum, flip
angle 30°, slice thickness 1.5 mm, matrices 256 X 128,
FOV =24.0) to determine the brain areas in which to estab-
lish regions of interest (ROIs). With reference to the meas-
ures of tilt angle and spatial coordinates obtained in the pro-
cedure, which were used to determine the intercommissural
[anterior commissure-posterior commissure (AC-PC)] line
on the sagittal MRI of each subject’s brain, a PET gantry
was set parallel to the AC-PC line by tilting and moving the
gantry for each study. The MRI measurements and mobile
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PET gantry allowed us to reconstruct PET images parallel
to the AC-PC line without reslicing.

PET data acquisition

For all participants, a series of PET measurements were
performed after neuropsychological assessments using a
high-resolution brain PET scanner (SHR12000; Hamamatsu
Photonics K.K., Hamamatsu, Japan) [38]. A thermoplastic
face mask was used to fix the head in the same place dur-
ing the scans. Among the twenty NC subjects, four persons
did not complete a 90-min [''CIDPA713 scan of [''C]
DPA713 PET measurements due to a need to urinate. After
a 10-min transmission scan for attenuation correction with
a 98Ge/*®Ga source, serial emission scans (frames captured
in n seconds: 6 X 10, 320, 6 x60, 4x 180, and 14 x300)
were obtained for 90 min after a slow bolus venous injection
(taking 1 min) of a 5 MBq/kg dose of ['!C]DPA713 (spe-
cific radioactivity > 108 GBg/pmol). After a 2.5-h rest, all
participants underwent serial ['!C]JPBB3 PET scans (frames
captured in n seconds: 6 X 10, 320, 6 X 60, 4 x 180, and
10x300) for 70 min after a slow bolus venous injection
(taking 1 min) of a 6 MBq/kg dose of ['!C] PBB3 (specific
radioactivity > 105 GBg/pmol). No arterial sampling was
performed along with the PET measurements.

Imaging data processing

It has been reported that [''C]PBB3 delineates tau aggre-
gation at the early stage in patients with AD [19, 30]. The
BPyp, of ['!C]PBB3 was estimated with the simplified ref-
erence tissue model (SRTM) using PMOD 3.4 software
(PMOD Technologies Ltd., Zurich, Switzerland) to assess
tau deposition in the brain [15, 23]. In a series of reports
with ['!C]PBB3, the cerebellum was chosen as a reference
region for estimating the BPy, of [''CIPBB3 [23, 30].
These authors recently amended this method because the
[''CIPBB3 radioactivity in cerebellar ROIs suffers from
overestimation by spillover or radioactivity from veins,
resulting in underestimation of the BPyp, value [14]. Simi-
lar to this approach for detecting the lowest accumulation
of [''C]PBB3 in the intact brain in a segmentation manner,
irregular ROIs were manually located bilaterally in the cer-
ebellum (volume of interest: 0.88-2.42 cm?), anterior cin-
gulated cortex (5.03-7.46), caudate (1.23-3.36), putamen
(3.06-7.04), thalamus (6.38-12.17), posterior cingulated
cortex (0.79-3.27), precuneus (0.78—1.71), superior frontal
cortex (4.76-7.34), middle frontal cortex (5.22-9.47), occip-
ital cortex (0.49-1.03), lateral temporal cortex (4.04-7.71),
medial temporal cortex (2.33-5.92) including hippocam-
pus (0.81-1.94), parahippocampus (0.76-2.21), amygdala
(0.75-2.07), parietal cortex (1.48-3.58), pons (4.00-9.08),
and midbrain (2.88-5.45) on the brain MRI in reference to
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an MRI atlas [17]. We established irregular, small ROIs
within the brain, including the pons, on MRI images of the
brain and automatically on the corresponding ['!C]PBB3
parametric images and found that the pontine time activity
curve (TAC) (rather than a conventional cerebellar TAC)
was stable and exhibited the lowest intensity among TACs
from multiple brain regions, including the cortex and sub-
cortical regions. Based on the evidence that the brainstem
is relatively spared from tau deposition in patients with AD
until the late stage of the disease course [29], ROI data from
the pons were adequate for determining the value of the ref-
erence region in the current study. Previous studies indi-
cated that ['!C]PBB3 showed off-target binding in the dural
venous sinuses and choroid plexus [9], spill-over radioactiv-
ity might affect the cerebellar TAC as described above. The
extracerebral structures were masked out by demarcating
cerebral regions on brain MRI.

Upon activation, microglia express increasing amounts
of translocator protein (TSPO) on the outer mitochondrial
membrane, and thus TSPO is a good marker of neuroinflam-
mation in the brain [22]. Our recent TSPO PET study with a
second-generation tracer [''C]DPA713 showed greater merit
of this tracer in terms of a higher affinity for TSPO than a
conventional tracer, ['\C]DPA713, to depict neuroinflamma-
tion in the cerebral cortex [38]. Still, non-specific binding is
supported to exist along with vessels, but non-specific bind-
ing was found to be significantly lower in almost all brain
areas for ['*F]DPA714 (a second generation tracer of TSPO
similar to the current [“C]DPA713) compared to [“C](R)
PK11195 [10]. Despite the presence of polymorphisms for
second-generation tracers, including [{ICIDPA713, Asian
populations, unlike Caucasian populations, have a moder-
ately homogenous pattern of its polymorphism (90% moder-
ate binding affinity), allowing us to proceed with the present
study without genetic testing (only Japanese people were
recruited) [21, 38]. To assess the microglial activation in
the brain, we estimated the BPy, of ['!C]DPA713 with the
SRTM as described elsewhere [33, 38]. A normalized input
curve of ['!C]JDPA713 was first created by averaging the
TACs from the ROISs placed over the bilateral frontal, tempo-
ral, parietal and occipital cortices, thalamus, basal ganglia,
cerebellar hemisphere, and brain stem in the control group.
When applying the normalized mean TAC to the individual
subjects to determine the individual reference input, this
curve was calibrated by adjusting the lowest TAC peak from
each subject based on a cluster analysis excluding the white
matter and CSF space. The extracerebral structures were
masked by demarcating cerebral regions on brain MRIs.

SPM analysis

To identify the regions that exhibit higher levels of ['!C]
PBB3 BPy, and [!!C]DPA713 BPyp in patients with AD
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than in NC subjects, we analyzed the whole brain using a
voxelwise method with Statistical Parametric Mapping 8
software (SPMS; Wellcome Department of Imaging Neu-
rosciences, London, UK; http://www.fil.ion.ucl.ac.uk/spm)
running on MATLAB 7.12.0 (The MathWorks, Natick,
MA, USA), which is still widely used in PET studies [38].
All [''C]PBB3 and [''C]DPA713 parametric BPyp, images
were first normalized to the Montreal Neurological Institute
(MNI) space using transformation parameters for early inte-
grated image of [''C]PBB3 from 0 to 20 min after injection
and [''C]DPA713 from 0 to 20 min after injection. After
image normalization, all images were smoothed with an iso-
tropic Gaussian kernel of 6 mm. Group comparisons were
performed using two-sample t-tests in SPMS to explore
the regional differences in the ['!C]PBB3 or [!!C]DPA713
BPyp between patients with AD (AD in total and AD at the
CDRO.5) and the NC group using age and gender as covari-
ates of no interest. The correlation analyses between PET
biological and clinical parameters were conducted using
an SPM multiple regression method. Because the test was
exploratory in nature with a priori knowledge of locations
of changes in tau deposition and microglial activation are
known a priori, the significance was set to p <0.001 at the
voxel level (uncorrected for multiple regression).

The correlation analyses between [''C]PBB3 BPy, and
MMSE score were conducted using an SPM multiple regres-
sion method. The significance was set to p <0.001 at the
voxel level (uncorrected for multiple regression).

ROl analysis

Regional BPy, levels were determined from bilateral ROIs
located in the parahippocampal region, medial temporal
cortex including the hippocampal, entorhinal and parahip-
pocampal regions, and lateral temporal cortex covering
Brodmann areas 20-22 and 38 because these regions were
particularly important as tau aggregation regions [5].

Since tau pathology initially develops in the medial
temporal region [27, 28], we focused on this territory and
divided it into two regions mentioned above to examine
whether and where tau deposition within the temporal lobe
was directly associated with microglial activation through a
comparison of ['!C]PBB3 BPyp, with ['!\C]DPA713 BPyj
from the same ROIs in all patients with AD using Spear-
man’s correlation coefficients in the Statistical Package for
Social Sciences version 16 (SPSS Inc., Chicago, IL, USA).
Statistical significance was set to p <0.05 with the Bon-
ferroni correction. In the ROI analyses, we did not correct
PET data for age and gender because neither age nor gender
showed a significant difference between groups.

Path analyses among data for [''C]PBB3 uptake, Q)
DPA713 uptake and psychological test scores were per-
formed in all patients with AD to illustrate the effects of
these variables on each other [32]. In this analysis, path dia-
grams were designed, where the levels of ['!C]PBB3 BPyp,
and [''C]DPA713 BPy, in those regions aforementioned,
were separately compared to possible variables that are theo-
retically related as a cause or effect of clinical deteriorations
(i.e., reductions in general cognition, logical memory and
frontal executive function). Statistical significance was set
at p<0.05.

Results
Demographic and Clinical Characteristics

Demographic and AD-related clinical factors are presented
in Table 1. Significantly lower mean scores on the MMSE,
WMSR-LM-I+1I, and FAB were recorded for patients with
AD at CDR score of 1 than for patients with AD at CDR
score of 0.5. No significant differences in the age and gender
ratios were observed between the patients with AD and NC
groups.

Table 1 Demographic and
clinical characteristics of the

Alzheimer’s disease

Normal control

Alzheimer’s disease (AD)
patient group and control

Total (N=20) CDR 0.5 (N=9) CDR1N=11)

[''cIPBB3- ['IC]
PET (N=20) DPA-PET

groups (N=16)
Age (years) 69.4+8.3 71.7+8.3 68.3+8.5 69.5+8.8 69.1+9.0
Men/women (number) 7/13 4/5 3/8 9/11 6/10
Disease duration (years) 3.2+1.6 27+£13 3.6+1.8
MMSE (/30) 22.3+43 24.5+4.2 18.5+5.0 28.1+2.1 27.8+2.2
WMSR-LM-I+1I (/100) 4.3+54 5.5+4.7 3.4+5.6 24.0+10.0 25.5+10.5
FAB (/18) 9.5+2.6 10.4+2.8 8.1+3.0 143+2.3 14.3+2.0

Data are presented as the mean + SD (range)

CDR clinical dementia rating, MMSE Mini-Mental State Examination (normal level > 24), WMSR-LM-
I+ 11 Wechsler Memory Scale-Revised Logical memory I+1I (normal level 2 14), FAB frontal assessment

battery (normal level 2 12)
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Comparison of the [''CIPBB3 BPy, and [''CIDPA713
BP,, between the AD and Normal Groups

The SPM results showed that a significant increase in [''cy
PBB3 BPy, was observed in the medial and lateral sides of
the temporal and parietal lobes (Fig. 1a; Table 2), and that
[''CIDPA713 BPyp, was significantly increased in the tem-
poral and parieto-occipital cortices in the same AD group
(Fig. 1b; Table 3). The patterns of the elevation of binding
of these tracers were apparently similar, which might at a
glance allude simultaneous occurrence of abnormal tau and
activated microglia in these regions.

Regarding the dementia severity or disease progression,
significant increase in ['!C]PBB3 BPyp, [''C]DPA713 BPyj,
and was observed in rather limited areas covering the tem-
poral and parietal cortices at the CDR 0.5 stage (Fig. 2).

Correlation between [''CIPBB3 BP,;, and MMSE
score

SPM analysis revealed that several clusters especially in the
temporal and frontal cortices were identified as the regions
in which MMSE score was negatively correlated with the
[''CIPBB3 BPy, (Fig. 3).

Fig. 1 Voxelwise results for
[''CIPBB3 and [''C]DPA713
in the AD patients. The regions
with significant elevation of
[''C]PBB3 BPy, (a) and [''C]
DPA713 BPyp, (b). These
surface-based pictures were
proceeded using Caret software
v5.65 (http://brainvis.wustl.edu/
wiki/index.php/Caret: About

). The color bar represents the
T value
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Relationship Between [''C]PBB3 BP,, and [''CIDPA
BPy; in the temporal lobe of AD group

A direct comparison between [''C]PBB3 BPyp and (‘¢
DPA BPy, in the same ROIs revealed a significant positive
correlation in the parahippocampus (R*=0.400, p=0.003)
(Fig. 4a), despite the tendency toward a positive correla-
tion in the medial temporal and lateral temporal regions
(Fig. 4b,2c).

The mutual correlations among [''CIPBB3 BP,,
[''CIDPA713 BP, and neuropsychological scores

Since abnormal tau accumulation in the medial temporal
region was related to microglial activation, we conducted a
path analysis. The medial temporal [''C]PBB3 BPy, was
a significant mediator of the [1'CIDPA BPyp (beta coef-
ficient=0.42, p=0.049, R2=0.18) and MMSE score (beta
coefficient=— 0.49, p=0.034, R*=0.22) (Fig. 5a). The indi-
rect effect (0.42 x — 0.01=0.0042) was so small that MMSE
reduction was potentially unrelated to the change induced by
tau-mediated neuroinflammation in the parahippocampus.
Instead, the presence of tau itself in the area was a substantial
effector of cognitive decline. In contrast, as shown in Fig. 2b,
abnormal tau deposition in the lateral temporal cortex only
correlated with MMSE reduction (beta coefficient=— 0.44,
p=0.035, R*=0.20), but not microglial activation (Fig. 5b).
Regarding the WMSR-LM scores, no significant correlation
was observed in the light of the medial temporal tau load
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Fig.2 Voxelwise results for
[''CIPBB3 and [''C]DPA713
in the AD patients at CDR 0.5.
The regions with significant
elevation of ['!C]PBB3 BPyp,
(a) and [''C]DPA713 BPyp, (b)

A
.

Fig.3 Voxelwise results on the significant correlation of [''CIPBB3
BPyp and MMSE scores in AD patients. The color bar denotes the
T-value

(Fig. 5¢), whereas the beta coefficient (— 0.44) of lateral tem-
poral tau load mediator to the level of WMSR-LM scores was
significant (p=0.032, Fig. 5d). As for the FAB score, no cor-
relation was found in the present path analysis.

Discussion
In the present study, our results showed significant increases

in the levels of [''C]PBB3 BPyp, in the temporo-parietal cor-
tices and [''C]DPA713 BPyy, in the seemingly similar brain
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regions in patients with early AD. Direct region-to-region
comparisons highlighted the parahippocampus where these
two PET parameters were significantly coupled with each
other, suggesting the coexistence of tau pathology and neu-
roinflammation in this region, consistent with previous post-
mortem pathological observations [13]. Furthermore, M
PBB3 BPy, within the medial temporal cortex including the
parahippocampus, correlated significantly with the MMSE
score, suggesting that tau pathology has a close relation with
the reduction of general cognitive ability. However, based
on the path analysis, the correlation between ['!C]DPA713
BPyp, in the parahippocampus and MMSE score was very
weak, suggesting that tau-related neuroinflammation was not
a bioindicator predicting general cognitive decline. Thus, the
present results confirmed that tau pathology is surely a main
culprit of cognitive impairment rather than neuroinflamma-
tion per se in patients with AD.

The present cross-sectional study did not allow clarifica-
tion of the spread of abnormal tau in AD, but a categoriza-
tion of AD patients into early- or moderate-stage groups
would give a hint of the contention. As described in Table 1,
we recruited patients at the CDR 0.5 and 1. Compared to the
SPM results from the total AD patients, the brain regions
showing higher levels of [''C]PBB3 BPy, were smaller in
CDR-0.5 AD patients (Fig. 2a). While the number of CDR-
0.5 patients was so small that this result was just preliminary,
it can be extrapolated that the abnormal tau aggregation
in vivo might reflect the distribution of fibrillar tau at Braak
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Fig.4 Regions of interest-based multiple correlation analyses
between ['!C]JPBB3 BPyp and [!!C]DPA713 BPyp in the temporal
lobe. a Parahippocampus, b medial temporal cortices, ¢ lateral tem-
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poral cortices. Dotted lines represent 95% confidence intervals of the
fitted lines in the scattergram
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Fig.5 Path diagrams among data for [''CIPBB3 uptake, [''c
DPA713 uptake and neuropsychological (MMSE and WMSR-
LM) scores. a Tau deposition within the medial temporal cortex
for MMSE, b tau deposition within the lateral temporal cortex for
MMSE, c tau deposition within the medial temporal cortex for

stages III-1V [7, 27, 29, 30], and hence the abnormal tau
progression pattern might support the previous reports on
Braak-based propagation of tau in patients with AD [27, 29].

Neuroinflammation is chiefly characterized by the pres-
ence of activated microglia [16, 31]. In ex vivo studies using
animals and postmortem samples [16, 29], tau pathology

Neuroinflammation in
Iater sl temporal cortex

R:=.01

WMSR-LM, d tau deposition within the lateral temporal cortex for
WMSR-LM. The asterisk indicates statistically significant. Likeli-
hood ratio Chi squared: 8.013 df 3. Fit index: root mean error of
approximation=0.053

sequentially induces neuroinflammation and neurodegenera-
tion, and a long-lasting dementia period might determine
the amount of aggregated tau in the human brain. Consist-
ent with our previous report with ['!C](R)PK11195 [37],
the level of [''C]DPA713 BPy, was increased throughout
the brain in patients with AD. Of course, the distribution
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of tracer uptake looked different between the current result
and the previous one because PET tracers and the degree of
dementia severity were different. A use of [!!C]DPA713 in
the current study was found more advantageous to visualize
microglial activation than the first-developed TSPO tracer
[''CI(R)PK 11195 because [''C]DPA713 has been shown to
detect minimal changes in microglial activation especially
in an Asian population [21, 37, 38]. The pattern of eleva-
tion of [''C]DPA713 binding looked similar across the total
AD patients, but the extent of the binding was shown to be
smaller in AD patients at CDR 0.5 (Fig. 2b).

A combination of [''C]PBB3 and [''CIDPA713 will
likely provide additional information that was lacking in
our previous study (AP and neuroinflammation) [38]. In
the current study, we did not deal with [“C]PIB data for
AP accumulation because the timing of [!!C]PIB scan was
so separate from the dates of [''CIPBB3/[!'C]DPA713
scans performed on the same day. As illustrated in Fig. 1, it
seems that the cluster of regions with significantly elevated
[''CIPBB3 BPy, would overlap with the multiple regions
in which [''C]DPA BPy;, was significantly increased. The
current direct region-to-region comparisons in the temporal
lobe the reportedly tau aggregation territory found early in
AD [12] highlighted the parahippocampus as an area of close
linkage between tau aggregation and neuroinflammation. It
has been reported that tau pathology exists in the medial
temporal lobe [27, 30] during age, followed by medial tem-
poral lobe atrophy and memory impairments [27]. This
pathophysiology occurring during the aging process is rec-
ognized as primary age-related tauopathy (PART) or a part
of the AD spectrum [27]. Since neuroinflammation occurs
regardless of the disease or aging [38], activated microglia
that contribute to the development of tau pathology and its
progression in the AD brain [18] would have a detrimen-
tal effect on the neuronal environment in AD. Indeed, the
present result that ['!C]PBB3 accumulation positively cor-
relates with ['!C]DPA713 binding in the parahippocampus
in early AD patients gives in vivo evidence that abnormal
tau burden in the medial temporal region is responsible for
an acceleration of microglial activation.

As shown in Fig. 3, one theory can be deduced from the
path analysis regarding the significance of mutual relations
among tau aggregation, neuroinflammation and cognitive
impairment. In the early stage of AD, medial temporal (para-
hippocampal) tau accumulation directly correlated with gen-
eral cognitive dysfunction evaluated by MMSE or an endo-
phenotype of neurodegeneration [2] and neuroinflammation.
In Fig. 3, voxel-wise evaluation revealed significant brain
regions with tau deposition that correlated negatively with
MMSE scores, showing its dominancy in the medial temporal
regions. These findings support the hypothesis that tau pathol-
ogy is tightly associated with the deterioration of cognitive
ability in patients with AD in the clinical setting [7, 24, 27].

@ Springer

It was reported that neuroinflammation assessed by [!!C](R)
PK11195 in the lateral temporal region was associated with
cognitive decline in AD [6], our recent study failed to show
a significant correlation between [''C]DPA713 binding and
MMSE [38]. This might be ascribed to the different severity
of disease, different regions of focus, or different population
of TSPO polymorphism. The lack of significant correlation
about memory function assessed by WMSR-LM might be due
to the stage of the disease; there might be a chance of posi-
tive correlation between abnormal tau deposition in this region
and memory deterioration if adults with subjective or mild
cognitive impairment or preclincal AD were recruited. Not
only postmortem but also in vivo evaluations of the AD brain
show that abnormal tau accumulates from the medial temporal
to lateral neocortical areas [4, 19]. Considering this spread of
tau aggregation, tau pathology in the lateral temporal cortex
would have some adverse effects on cognition. Indeed, the
path analysis showed that both scores (MMSE and WMSR-
LM) were negatively correlated with tau accumulation in the
lateral temporal cortex (Fig. S5b, d). Since microglia are easily
activated by various factors, including misfolded proteins such
as AP and tau, impairing neuronal function and networking
and subsequently affecting homeostasis [8, 26, 36], microglial
activation seemingly concurring with abnormal tau accumula-
tion may be ascribed to this susceptibility of microglia in the
AD brain.

Several limitations must be mentioned. The sample size
was relatively small, but the power analysis with a & (mean
difference) of 0.12 and ¢ (SD) of 0.13 from the other sets of
AD groups in a preliminary study generated a sample size of
19, allowing us to perform the study. Since the current study
did not employ a longitudinal design but was cross-sectional in
nature, information on within-subject changes in these patho-
physiological biomarkers is not available. Since Ap accumula-
tion can activate microglia, a comparative study is needed to
clarify how much amyloid deposition contributes to microglial
activation in the same region. The lack of medical intervention,
such as anti-Afp/anti-tau antibodies or anti-neuroinflammatory
agents, in this study prevents us from disclosing the cause-
and-effect relationship between tau deposition and microglial
activation in the living brains of patients with AD. Although
Japanese people have been reported to have a moderately
homogenous pattern of polymorphisms for TSPO, a lack of
genetic testing for TSPO polymorphisms is one of limitations
in our study. There is a chance that patients with low or high
affinity might have been included.

Conclusion

The current study shows that tau pathology in the para-
hippocampus is linked with neuroinflammation, which
induces general cognitive deterioration in AD patients.
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Neuroinflammation that would graphically coincide with
tau aggregation in the lateral temporal cortex and possibly
in other brain regions might be caused by many factors that
disrupt the brain milieu other than tau pathology in AD.
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