
Figure 2. Neurovascular and Metabolic Dysregulation charts were created as mean z-score ± SEM, and the p-value maps indicate the direction of change (i.e., white-to-red indicates increasing and white-to-blue indicates 

decreasing z-scores) for 64Cu-PTSM, 18F-FDG, and Uncoupling. Bi-directional z-score plots of 107 brain (214 bilateral) regions in males (blue) and females (red) were plotted on the Cartesian plot comparing a reference 

group and an affected group.  (A, B, C) represents a cross-sectional analysis comparing WT littermate controls and PS-19 mice. (A) 3 Month cross-sectional analysis demonstrates Type 1 and Type 2 Uncoupling. (B) 6 

Month cross-sectional analysis demonstrates Type 2 and Prodromal phenotypes. (C) 9 Month Data displaying Prodromal and  Metabolic and Vascular Failure phenotypes. (D, E, F) represents longitudinal comparison across 

ages of 3,6, and 9-month subjects for the same treatment group for aging results. (D) 6 Month displays Type 1, Type 2, and Prodromal phenotypes. (E) 9 Month displays Prodromal phenotypes and Metabolic and Vascular 

Failure  (G, H) represents the trajectory of statistically significant brain regions by sex, where individual regions across various groups transition across the 4 categories of NMVD. (I) Represent the Allen brain regions’ names 

that were significant regions based on statistical information across cross-sectional and longitudinal evaluations.

PROTEIN EXPRESSION / OXIDATIVE STRESS

Number Region
1 SSp-bfd-Primary somatosensory area, barrel field
2 SSp-ll-Primary somatosensory area, lower limb
3 SSp-ul-Primary somatosensory area, upper limb
4 SSp-tr-Primary somatosensory area, trunk
5 SSp-un-Primary somatosensory area, unassigned
6 GU-Gustatory area
7 VISC-Visceral area
8 AUD-Auditory area
9 VIS-Visual area
10 ILA-Infralimbic area
11 ORB-Orbital area
12 AId-Agranular insular area, dorsal part
13 AIv-Agranular insular area, ventral part
14 RSPagl-Retrosplenial area, agranular part
15 RSPd-Retrosplenial area, dorsal part
16 RSPv-Retrosplenial area, ventral part
17 VISa-Visual area, anteromedial
18 VISrl-Visual area, rostrolateral
19 TEa-Temporal association area
20 ECT-Ectorhinal area
21 MOB-Main olfactory bulb
22 AOB-Accessory olfactory bulb
23 AON-Anterior olfactory nucleus
24 TT-Taenia tecta
25 DP-Dorsal peduncular area
26 PIR-Piriform area
27 COA-Cortical amygdalar area
28 PAA-Piriform-amygdalar area
29 CA1-Ammon's horn, CA1 field
30 CA2-Ammon's horn, CA2 field
31 CA3-Ammon's horn, CA3 field
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CONCLUSION
By reviewing our results, the mechanistic changes are significant across 

time, genotype, and sex.  3-Mos Het relative to WT displays Type 1 and 

Type 2 Uncoupling.  6-Mos Het relative to WT displays Type 2 and 

Prodromal changes.  9-Mos Het relative to WT displays Prodromal and 

Neurometabolic Failure, which is in line with our previous work in other 

mouse models and clinical populations, as indicated by our uncoupling 

and trajectory charts. 
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Phosphorylated tau (pTau) is a major pathological hallmark of 

Alzheimer’s disease (AD) and contributes to neurodegeneration [1]. 

Neuro-metabolic and vascular dysregulation (MVD) has been shown to 

occur before amyloid beta accumulation in both preclinically [2] and 

clinically [3] and is thought to contribute to AD disease progression. 

Evaluating the combined effects of MVD and pTau pathology may help 

establish mechanistic links between tau accumulation and vascular 

dysfunction. Hypothesis: Accumulation of ptau triggers MVD 

through the disruption of cellular metabolism and vascular 

dysfunction, ultimately leading to progressive decline in AD.
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Figure1. Neuro-metabolic 

and vascular dysregulation 

projected to a 2D Cartesian 

plot and MVD Pattern. 

Neuro-Metabolic and 

Vascular dysregulation was 

analyzed by plotting the bi-

directional Z-score changes 

relative to the control group 

from the affected group.  

Individual brain regions from 

the Allen Brain Atlas [4] were 

ratioed to the whole brain and 

were projected on the 2D 

Cartesian plot to display the 

quadrant each region would 

be represented in from the 

calculation of the Z-score. 

Brain regions that are moving 

in the same direction 

(Perfusion and Metabolic 

Uptake) are considered 

Coupled, 

(i.e. perfusion and metabolic Uptake) are considered Coupled, whereas the brain regions moving 

in opposite directions are considered Uncoupled per our previously published work [2,3].  

Number Region
32 DG-Dentate gyrus
33 ENT-Entorhinal area
34 SUB-Subiculum
35 HATA-Hippocampus-amygdala transition area
36 CLA-Claustrum
37 LA-Lateral amygdalar nucleus
38 BMA-Basomedial amygdalar nucleus
39 PA-Posterior amygdalar nucleus
40 STRd-Striatum dorsal
41 ACB-Accumbens nucleus
42 OT-Olfactory tubercle
43 LSX-Lateral septal nucleus, caudal part
44 AAA-Anterior amygdaloid area
45 CEA-Central amygdalar nucleus
46 MEA-Medial amygdalar nucleus
47 PALd-Pallidum, dorsal part
48 PALv-Pallidum, ventral part
49 GENd-Geniculate body dorsal
50 ATN-Anterior group of dorsal thalamus
51 IC-Inferior colliculus
52 VTA-Ventral tegmental area
53 SCm-Superior colliculus, motor-related part
54 PRT-Pretectal area
55 MY-mot-Medulla, motor related
56 CBX-Cerebellar cortex
57 CBN-Cerebellar nuclei
58 cm-Central matrix
59 cbf-Cerebellar fiber tracts
60 lfbs-Longitudinal fasciculus
61 mfbs-Medial forebrain bundle
62 VS-Ventral striatum

MATERIALS AND METHODS
PS19 Transgenic mice, which retain MAPT*P301S, were randomized 

by sex and genotype, and were assessed at 3, 6, and 9 months 

according to IUSM IACUC and ARRIVE guidelines [5]. At the 

aforementioned time points, the mice were imaged with [18F]-FDG to 

assess neuronal glucose metabolism and [64Cu]-PTSM to quantify 

cerebral perfusion, followed by image registration and segmentation. 

PET data are represented as z-scores relative to age-matched WT 

controls, per our previous methods [2,3]. After euthanasia, the hemi-

brains were harvested for IFA and WB per our previous methods [2,3]. 

Figure 4 Representative Female (WT, Het) hippocampus merged IFA images stained for pTau (Blue), vascular endothelia (CD31; Green), and Microglia (IBA1, Red). Scale bar, 250 μm.

Figure 3. Accumulation of pTau is associated with increased p47phox expression in 9-month-old HET PS19 mice. Protein expression of the NOX2 subunits gp91phox (A), p47phox (B), and p67phox (C) was measured in brain 

homogenates from WT and HET PS19 mice at 3, 6, and 9 months of age. Bars represent mean ± SEM, and individual dots represent values from individual animals. Male and female mice were combined into a single group. D and E  

represent colorimetric SOD brain activity from WT and HET PS19 mice at 3, 6, and 9 months of age. Data were analyzed by two-way ANOVA with genotype and age as main factors, followed by Tukey’s post hoc test for pairwise 

comparisons. n = 6 mice per genotype per age group. *p < 0.05; ****p < 0.0001.
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