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Recurrent Lobar Hemorrhages and Multiple Cortical Superficial Siderosis in a Patient of Alzheimer's Disease With Homozygous APOE ε2 Allele Presenting Hypobetalipoproteinemia and Pathological Findings of 18F-THK5351 Positron Emission Tomography: A Case Report
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In Alzheimer's disease, the apolipoprotein E gene (APOE) ε2 allele is a protective genetic factor, whereas the APOE ε4 allele is a genetic risk factor. However, both the APOE ε2 and the APOE ε4 alleles are genetic risk factors for lobar intracerebral hemorrhage. The reasons for the high prevalence of lobar intracerebral hemorrhage and the low prevalence of Alzheimer's disease with the APOE ε2 allele remains unknown. Here, we describe the case of a 79-year-old Japanese female with Alzheimer's disease, homozygous for the APOE ε2 allele. This patient presented with recurrent lobar hemorrhages and multiple cortical superficial siderosis. The findings on the 11C-labeled Pittsburgh Compound B-positron emission tomography (PET) were characteristic of Alzheimer's disease. 18F-THK5351 PET revealed that the accumulation of 18F-THK 5351 in the right pyramidal tract at the pontine level, the cerebral peduncle of the midbrain, and the internal capsule, reflecting the lesions of the previous lobar intracerebral hemorrhage in the right frontal lobe. Moreover, 18F-THK5351 accumulated in the bilateral globus pallidum, amygdala, caudate nuclei, and the substantia nigra of the midbrain, which were probably off-target reaction, by binding to monoamine oxidase B (MAO-B). 18F-THK5351 were also detected in the periphery of prior lobar hemorrhages and a cortical subarachnoid hemorrhage, as well as in some, but not all, areas affected by cortical siderosis. Besides, 18F-THK5351 retentions were observed in the bilateral medial temporal cortices and several cortical areas without cerebral amyloid angiopathy or prior hemorrhages, possibly where tau might accumulate. This is the first report of a patient with Alzheimer's disease, carrying homozygous APOE ε2 allele and presenting with recurrent lobar hemorrhages, multiple cortical superficial siderosis, and immunohistochemically vascular amyloid β. The 18F-THK5351 PET findings suggested MAO-B concentrated regions, astroglial activation, Waller degeneration of the pyramidal tract, neuroinflammation due to CAA related hemorrhages, and possible tau accumulation.
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INTRODUCTION

The apolipoprotein E gene (APOE) ε2 allele has an exceptionally low likelihood of causing Alzheimer's dementia in APOE2 homozygotes (1) and, it protects against Alzheimer's disease (AD) (2). In contrast, the APOE ε4 allele is a genetic risk factor of AD (3). However, the APOE ε2 and the APOE ε4 alleles, responsible for causing severe alterations in the vascular wall structure causing cerebral amyloid angiopathy (CAA), are common genetic risk factors for lobar intracerebral hemorrhage (ICH) (4–7). The reason for the high prevalence of lobar ICH despite the very low prevalence of AD in individuals with the APOE ε2 allele remains unknown. 18F-THK5351, which was developed as a tau binding tracer (8, 9), has been shown to strongly bind to monoamine oxidase B (MAO-B) (10). Recently, in a patient of cerebral infarction, the off-target retentions of 18F-THK5351 revealed Wallerian degeneration of the pyramidal tract, basal ganglia, thalamus, and cerebral cortices (11). In this report, we describe a patient with AD who carried a homozygous APOE ε2 allele. This patient presented with recurrent lobar hemorrhages and multiple cortical superficial siderosis (cSS) with hypobetalipoproteinemia. Additionally, several 18F-THK5351 PET findings reflected an increase in the MAO-B, reactive astrogliosis, and Wallerian degeneration of the pyramidal tract due to lobar ICH, as well as the possible accumulation of tau, related to AD pathology, in cerebral cortical areas.



METHODS


11C-PiB PET and 18F-THK5351 PET Neuroimages

11C-labeled Pittsburgh Compound B positron emission tomography (11C-PiB PET) was performed at the Gunma University Hospital as described previously by the authors (12, 13). 18F-THK5351 PET examinations were performed at the Tokyo Metropolitan Institute of Gerontology using the Discovery PET/CT 710 scanner (GE Healthcare, Milwaukee, WI, USA). Emission data were acquired for 20 min, starting 40 min after intravenous injection of 18F-THK5351 at a dose of approximately 190 MBq (5.1 mCi). In total, 47 slice images, with a voxel size of 2 × 2 × 3.27 mm and a matrix size of 128 × 128, were obtained. The data, collected in three-dimensional mode, were reconstructed after correcting for decay, attenuation, and scatter. 18F-THK5351 PET images were then normalized using the cerebellum as a reference region; cerebellar uptake was set to the value of one, as in the previously reported method (11, 14).



Analyses of the Cerebrospinal Fluid (CSF)

A Cerebrospinal fluid was obtained by a lumbar puncture of the L3/L4 or L4/L5 intervertebral space, and the CSF samples were centrifuged for 10 min at 1,800 × g at 4°C within 3 h of collection. Samples were divided into aliquots of 0.5 mL and stored at −80°C in polypropylene tubes until they were analyzed using enzyme-linked immunosorbent assay (ELISA) kits for human CSF amyloid β (Aβ) Aβ1-42 and Aβ1-40 (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) (12). Phosphorylated tau 181 (P-Tau) and human total tau (T-Tau) levels in the CSF were measured using the sandwich using ELISA INNOTESTⓇ PHOSPHO-TAU (181P) (15) and the sandwich ELISA INNOTESTⓇ T-Tau-Ag (both FUJIREBIO, Ghent, Belgium) (16), respectively, as described previously (12, 17).



Pathological Examinations

Brain tissue samples were obtained when the patient underwent surgery for hematoma. Immunohistochemical studies were performed on using an anti-Aβ1-42 antibody and an anti-Aβ1-40 antibody (both IBL, Fujioka, Gunma, Japan).



APOE Genotyping and Apolipoprotein E Protein Analyses

After obtaining informed consent for the genetic test of the APOE gene, we purified genomic DNA from lymphocytes in the peripheral blood of the patient. For the analysis of APOE allele polymorphism, purified genomic DNA samples were examined as previously described (12). The Apolipoprotein E protein was confirmed by the LSI Medience Corporation (Tokyo, Japan).




CASE PRESENTATION AND RESULTS

This report describes the case of a 79-year-old Japanese woman diagnosed with AD, presenting with recurrent hemorrhages despite the absence of vascular risk factors such as hypertension, diabetes mellitus, hypercholesterolemia, coronary heart disease, and smoking. However, fatty liver and hypocholesterolemia were observed on medical examination. Although her mother had died of a subarachnoid hemorrhage (SAH). At age 70 years, the patient experienced a loss of recent memory, and since then, the amnesia has gradually progressed. At the age of 72 years, she was admitted to the Gunma University Hospital for a headache caused by a brain hemorrhage; she felt a little headache and dullness without nausea, vomiting or loss of consciousness, a state that were quite different from a typical acute SAH. At the time of her first admission, cerebral magnetic resonance imaging (MRI) revealed a hemorrhage in the left parietal subcortical area (Figure 1A) and multiple regions of cSS (Figures 1A,B). Although there were no white matter hyperintensities, perivascular spaces, chronic ischemic infarcts, or lacunae, there were multiple regions of cSS and a few lobar microbleeds. On neuropsychological examinations, the scores were 23/30 in the Mini-Mental State Examination (MMSE) (disorientation of time, delayed recall deficits, acalculia, and agraphia), 19/30 in the Montreal Cognitive Assessment (MoCA) (visual-spatial disorientation, clock drawing, delayed recall, and disorientation of time), and 9/18 in the Frontal Assessment Battery (FAB) (deficits of similarities, motor series, conflicting instructions, and prehension behavior). The Instrumental Activities of Daily Living scales (IADL) (18) was 4/8 (Abilities required for shopping, food preparation, responsibility for own medications, and handling finances were disturbed). She could do activities of daily living (ADL) to some extent but needed some assistance from her family. According to gradual amnestic progression and executive dysfunction of ADL, she was diagnosed with mild dementia with AD at the first admission; the findings were also suggestive of possible CAA according to the modified Boston criteria (19). At age 73 years, the second cerebral hemorrhage occurred. This time she was admitted to the Geriatric Research Institute and Hospital for a left hemiparalysis with a lobar ICH at the right frontal lobe (Figure 1C). The hematoma was removed by a neurosurgical operation. The score of MMSE at the time of the second admission had decreased to 18/30, implying a cognitive decline, when compared to the first admission. The score of the revised Hasegawa Dementia Scale (HDS-R) (20) was 17/30, suggesting moderate dementia. At age 77 years, she was admitted for a headache for the third time; this time she had left hemispatial neglect, caused by a lobar ICH in the right parieto-occipital lobes (Figure 1D). Currently, she has no additional hemorrhages but is still affected by dementia and left hemiparalysis. The patient has not on any anti-platelet, anti-coagulation, or antihyperlipidemic drugs for the clinical course.


[image: Figure 1]
FIGURE 1. (A) Brain magnetic resonance imaging (MRI; 3T System, Skyra, Siemens, Germany) at the first admission. Susceptibility weighted images (SWI) showing a cortical hemorrhage (arrowhead) at the left parietal lobe cortex and cortical superficial siderosis (cSS) in the right parietal cortex (arrow). (B) In the same MRI, cSS was additionally observed in the left and right frontal cortices (arrows). (C) Brain computed tomography (CT) showing a second lobar hemorrhage at the right frontal subcortical area concurrent with left hemiparesis. (D) Brain CT showing a third lobar hemorrhage at the right parieto-occipital subcortical region. (E) 11C-PiB PET revealing widespread 11C-PiB retentions in the cerebral cortices (arrowheads) and precuneus (arrows). (F) Electrophoresis revealing a 2/2 pattern in the apolipoprotein E phenotype for this patient (PT). (G) Congophilic amyloid deposits shown in blood vessels of the resected brain tissue, as shown using polarizing microscopy (Scale bar: 20 μm). (H,I) Aβ-reactive structures in blood vessel walls identified by immunohistochemistry using anti-Aβ1-42 (H) and anti-Aβ1-40 (I) antibodies. Scale bars: 100 μm. (J) Laboratory serum results from the patient's first admission. (K) Serum lipoprotein electrophoresis reveals a broad-β pattern (bar), where intermediate-density lipoprotein (fraction 3) and very-low-density lipoprotein (fraction 4) are aberrantly elevated.


At the time of the first hospitalization, 11C-PiB PET revealed widespread 11C-PiB retentions in the cerebral cortices and precuneus, which were compatible with those of AD (Figure 1E).

The APOE genotyping revealed a homozygous ε2 allele (not shown). The apolipoprotein E (ApoE) was confirmed as a 2/2 protein by the western blot (Figure 1F). Congophilic amyloid deposits in blood vessels were confirmed on polarizing microscopy, undertaken using tissue resected during the second hospitalization (Figure 1G). Aβ-immunoreactive structures in blood vessels walls were revealed by an anti-Aβ1-42 antibody (Figure 1H) and an anti-Aβ1-40 antibody (Figure 1I) on immunohistochemical studies. Based on the pathological results, this case was suggestive of “probable CAA” with supporting pathological evidence according to the modified Boston criteria (19). Laboratory examination of the serum at the first admission demonstrated hypolipidemia, defined by low serum levels of total cholesterol (Total C), low-density lipoprotein cholesterol (LDL C), apolipoprotein A-2 (ApoA-2), and apolipoprotein B (Apo B). Chylomicrons were scarcely detectable (data not shown). The serum levels of apolipoprotein C-2 (ApoC-2), apolipoprotein E (ApoE), remnant-like lipoprotein (RLP), intermediate-density lipoprotein (IDL), and very-low-density lipoprotein (VLDL) were increased (Figure 1J). Furthermore, polyacrylamide gel (PAGE) electrophoresis of her serum revealed a broad-β band which seemed to be mimicking type III dysliplidemia (Figure 1K) (BML Co. Tokyo, Japan). There was no detection of aberrantly truncated apolipoprotein B on the western blot (data not shown). In the case, the CSF level of Aβ1-42 was 144.49 pg/mL, which was lower than that in non-dementia subjects (mean ± standard deviation, 431.55 ± 103.46 pg/mL, n = 20) and comparable to that in age-matched AD patients (183.32 ± 14.68 pg/mL, n = 25); the Aβ1-40 was 3037.22 pg/mL, which was lower than that in non-dementia subjects (mean ± standard deviation, 5118.79 ± 1882.47 pg/mL, n = 20) and age-matched AD patients (5358.47 ± 2376.80 pg/mL, n = 25); the P-Tau level was 42.94 pg/mL, which was higher than that in non-dementia subjects (29.33 ± 11.36 pg/mL, n = 20) and comparable to those of age-matched AD patients (75.40 ± 7.5 pg/mL, n = 25); and the T-Tau level was 424.50 pg/mL, which was higher than that in non-dementia subjects (143.55 ± 14.63 pg/mL, n = 20) and comparable to that in age-matched AD patients (503.30 ± 53.03 pg/mL, n = 25). These findings of CSF biomarkers and 11C-PiB PET of the patient were compatible with those of AD. Post-discharge the second hemorrhage at the age of 73 years, the 76-year-old patient was examined using 18F-THK5351 PET in a stable condition.

18F-THK5351 retentions areas were observed at the right side of the pyramidal tract at the pontine level, the cerebral peduncle of the midbrain, and the internal capsule (red circles in Figure 2 A-G-M-S, B-H-N-T, C-I-O-U, and D-J-P-V). The off-target 18F-THK5351 retentions, binding to MAO-B derived from astrocytes, located in the pyramidal tract, were considered a result of a previous right frontal lobar hemorrhage.
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FIGURE 2. 18F-THK5351 imaging and MRI of the patient's brain. (A–F) Susceptibility-weighted MRI. (G–L) 18F-THK5351. (M–R) 18F-THK 5351 on transverse MRI (T1-weighted images). (S–X) 18F-THK 5351 on coronal MRI (T1-weighted images). 18F-THK5351 retentions areas were observed in the pyramidal tract at the pontine level, the cerebral peduncle of the midbrain, and the internal capsule, all at the right side (red circles: A-G-M-S, B-H-N-T, C-I-O-U, and D-J-P-V). The bilateral substantia nigra of the midbrain, the globus pallidum, the anterior caudate nuclei, amygdala, and the medial areas of thalamus (black circles: C-I-O-U and D-J-P-V) were considered the off-target retentions of 18F-THK5351 binding to MAO-B. They were also visible along the previous lobar hemorrhagic lesions in the right frontal lobe and the left parietal cortex, as well as an asymptomatic old cortical SAH lesion in the right parietal cortex (yellow circles: E-K-Q-W and F-L-R-X). Additional 18F-THK5351 retentions were observed in the bilateral medial temporal areas (blue circles: A-G-M-S and B-H-N-T), the left anterior frontal cortical areas (blue circles: B-H-N-T and C-I-O-U), the posterior areas in bilateral temporal cortices, and the bilateral fusiform, lingual, and parahippocampal gyruses (blue circles: C-I-O and D-J-P).


In addition, they were detected at the bilateral substantia nigra of the midbrain, medial areas of the thalamus, the amygdala, the globus pallidum (black circles in Figure 2 T, C-I-O-U, D-J-P-V), and the anterior caudate nuclei (black circles in Figure 2 D-J-P), in which originally contained a high concentration of MAO-B.

Besides, 18F-THK5351 retentions were visible along with previous lobar hemorrhagic lesions in the left parietal cortex (at the first hemorrhage) and the right frontal lobe (at the second hemorrhage), and an asymptomatic old cortical SAH lesion in the right parietal cortex (yellow circles in Figure 2 E-K-Q-W and F-L-R-X).

Additional 18F-THK5351 retentions were observed in the bilateral medial temporal areas (blue circles in Figure 2 A-G-M-S and B-H-N-T), the bilateral areas of entorhinal and parahippocampal gyruses, and hippocampus (blue circles in Figure 2 B-H-N-T, C-I-O), the bilateral areas of parahippocampal, fusiform, and lingual gyruses (blue circles in Figure 2 C-I-O), the left anterior frontal cortical areas (blue circles in Figure 2 B-H-N and C-I-O), the bilateral posterior areas in the temporal cortices (blue circles in Figure 2 C-I-O and D-J-P), bilateral basis areas in the temporal lobes (blue circles in Figure 2 S, T, U, V, and W), the left calcarine sulcus (blue circles in Figure 2 D-J-P), the left precuneus area and the left frontal cortex (blue circles in Figure 2 E-K-Q-W).



DISCUSSION

To our knowledge, this is the first report of an AD patient, homozygous for the APOE ε2 allele, presenting with recurrent lobar hemorrhage, vascular Aβ amyloid deposits, hypobetalipoproteinemia, and pathological 18F-THK5351 findings. The vasculopathologic changes associated with the APOE ε2 allele might have a crucial role in the severity and clinical course of lobar ICH, and the screening of patients with ICH for the APOE ε2 may identify those at increased risk of mortality and poor functional outcomes (21). The APOE ε2, as well as the APOE ε4, allele was reported to be significantly associated with lobar ICH and cSS (21, 22), and their presence may predict the recurrence of anti-coagulation-associated ICH (23). Clinically, some patients with the APOE ε2 allele present with hypocholesterolemia (24). In animal study, APOE ε2 transgenic mice showed a decreased serum level of low-density lipoprotein cholesterol (25). These biochemical aberrations may lead to the fragility in the structure of cerebral blood vessel walls, resulting in recurrent ICH in AD patients with the APOE ε2 allele (26, 27). APOE ε2/ε3 carriers have larger total volumes of white matter hyperintensities compared to APOE ε4 carriers and a higher prevalence of microbleeds compared to APOE ε3 homozygotes (28). Because the homozygous APOE ε2 allele has an extremely low frequency (1), no prior publication has confirmed a proven vascular amyloid pathology, in a homozygous APOE ε2 allele carrying AD patient with recurrent lobar ICH, using 18F-THK5351 PET and 11C-PiB PET. In vivo study revealed that the levels of Aβ40 and Aβ42 in both soluble and insoluble fractions of the brain lysate were reduced in APOE ε2, but not in APOE ε3 or APOE ε4 gene integrated in human amyloid precursor protein/human presenilin 1 (APP/PS1) double transgenic mice (29). The CAA patients had a distinctive CSF biomarker profile, with significantly lower concentrations of Aβ40 and Aβ42 than those of non-demented controls and AD patients, which were found in APOE ε2, ε4, and ε3 genotypes (30–33). Lower CSF levels of Aβ1-40 and Aβ1-42 in an AD patient with CAA carrying APOE ε2 homozygote had not been reported before this case. So far, pathological reports of autopsy studies showed reduced neurofibrillary tangles (NFTs) in postmortem AD brains of APOE ε2 carriers (2, 34, 35). Although the mechanism underlying this reduction of NFTs is poorly understood; as APOE ε2 was significantly correlated with tau pathology only in Aβ positive AD patients but not with those in Aβ negative individuals, the protective effect of APOE ε2 against AD tau may be partially mediated through its effect on Aβ deposition (36). It remains still controversial why APOE ε2 may protect against tau pathology independently of Aβ in AD (37–39). 18F-THK5351 was initially developed to target tau aggregates in NFTs (8, 9), however, 18F-THK5351 has been shown to strongly bind off-target to MAO-B in the basal ganglia and thalamus (10), as well as the melanin-containing cells of the substantia nigra (40). 18F-THK5351 is also highly concentrated in astrocytes, compared to other types of glial cells (41, 42). The MAO-B concentration is also increased in reactive astrogliosis (43), which describes a spectrum of astrocytic changes that occur in response to brain injury (44). On the other hand, Wallerian degeneration, the progressive anterograde demyelination and disintegration of distal axons, develops following a brain injury to neuronal soma or proximal axons (45). In the early stage of brain injury, axonal swelling, and breakdown of myelin sheath occur, followed by loss of myelinated fibers and infiltration of macrophages. In the later stage, the degenerated axons are replaced by gliosis, which is primarily the proliferation of astrocytes to form a scar. A previous case report demonstrated ipsilateral myelin loss and gliosis in the pyramidal tract lesion 5 years after a left middle cerebral artery infarction (45). As for the other tau PET tracers and CAA, two reports of Tau PET have been published (46, 47). In the former report, paired helical filament (PHF) tau burden overlapped cerebral microbleeds and/or cSS on 18F-AV1451 PET, raising the possibility that the characteristic markers of vascular amyloid were associated with local production of PHF tau (46). In the latter report, the amyloid deposition, evaluated by 18F-florbetaben PET, was not different in vicinity of cSS, but tau depositions were elevated in vicinity of cSS-affected regions compared to non-cSS-affected brain regions. Their case of probable CAA suggested that cSS may be associated with an elevation in local tau accumulation but not with an increase in fibrillary amyloid deposition (47). 18F-THK5351 PET has been reported to strongly bind to MAO-B derived from astrocytes and possibly tau, probably reflecting astrogliosis related CAA hematoma and cSS, also possibly tau accumulation in AD pathology (48). In our case, 3 year have passed since the 18F-THK5351 PET examination for the previous ICH in the right frontal lobe presenting as contralateral hemiparalysis. In this patient, Wallerian degeneration may have developed in the ipsilateral pyramidal tract followed by astrogliosis, and the marker 18F-THK5351 PET, targeting MAO-B containing tissues, may have identified this Wallerian degeneration. The 18F-THK5351 is now recognized as a dual-purpose compound that binds to both MAO-B and tau aggregates, thus tau isoforms might have accumulated in the damaged fasciculus. MAO-B is highly concentrated in astrocytes and serotonergic and histaminergic neurons (43), astrocytes proliferate in response to inflammation caused by brain injury (44). Therefore, regional changes in MAO-B concentration can be an index of astrogliosis and be detected on 18F-THK5351 PET imaging, although tau accumulation may co-exist in the AD brain (48). These findings suggest that 18F-THK5351 accumulates in lesions where astrogliosis occurs and that 18F-THK5351 PET can be an imaging modality to visualize and quantify astrogliosis, as recently demonstrated in patients with a cerebral infarction or neurological disorders (49–51). In our case, 18F-THK5351 retentions were observed in some, but not all, regions with cSS, presumably because this effect might depend on severity of cSS and the degree of astrogliosis that is correlated with the extent of hemosiderin deposition (52). 18F-THK5351 retentions were observed only in some areas rather than all peripheral regions at the lobar hemorrhage in this patient. Several cSS lesions reflected 18F-THK5351 PET retentions, however, the other cSS lesions did not reflect, which might probably depend upon severity of cSS or neuroinflammation of CAA. It seems that old cSS showed less or no THK5351 retention [such as in bilateral prefrontal lobes cortices/subcortices (Figure 2 D-J-P and E-K-Q)], while the recent lesions of hematoma or siderosis showed THK5351 retentions [such as in left parietal cortical area (hematoma at the first admission) and right frontal cortico-subcortical areas (hematoma at the second admission)]. This case signifies that both AD and CAA pathologies could co-occur and contribute to cognitive decline (53), indicating that CAA, especially, cSS strongly increases the risk of hemorrhages, even when the clinical changes are gradual. We found that CSF Aβ1-40 of this patient was lower than those of AD patients and non-demented subjects, as, in the recent publication, the levels of CSF Aβ1-40 in AD with disseminated cSS were lower than that in AD patients with focal cSS and those without cSS (54, 55). This result is thought be in accordance with neuropathological reports demonstrating deposition of Aβ40 within the vessel walls of CAA patients (56). CSF P-Tau levels, in this case, were not significantly higher than those in AD patients, because CSF P-Tau levels in AD patients with CAA pathology have been reported to be either slightly elevated or within the normal levels (55, 57, 58). This could be because of the change in permeability of the cerebral blood vessels due to CAA; decreased ability of parenchymal P-Tau to flow out into the lumen of vessels or less amount of tau phosphorylation in CAA than in AD patients may have led to lower P-Tau levels in CSF. On the other hand, Aβ 40 is thought to deposit in the blood vessels affected by CAA, rather than flowing into the lumen of vessels (59). Although the fact that the pathophysiologic mechanisms are not completely understood, recent studies show that APOE2 allele is strongly associated with cSS and increased frequency and severity of lobar ICH (22). Furthermore, while APOE ε2 promotes so-called CAA-related vasculopathic changes (vessel cracking, detachment, and delamination of the outermost layer of the tunica media, and fibrinoid necrosis), this can lead to vessel rupture (5, 22), another evidence of increased ICH risk in APOE ε2 carriers was recently reported, with or without AD (60). Hypobetalipoproteinemia may not be a direct cause for the ICH in this case, but might be an additional contributing factor, because hypocholesterolemia was reported to be a risk factor of ICH (61–63). This AD case carried the homozygous APOE ε2 allele and severe hypocholesterolemia, which may have exacerbated vascular changes in the CAA, thereby leading to more severe CAA, multiple cSS, and recurrent lobar ICH. The mechanism underlying the risk for ICH because of an APOE ε2 genotype is still unclear and perhaps complex (60), which should be elucidated hereafter. In future, a large-scale investigation of cholesterol levels in AD patients with a homozygous APOE ε2 allele will be required to define its clinical significance and etiologies. This AD case with multiple cSS regions and lobar hemorrhages is also worth reporting; it demonstrates that 18F-THK5351 retentions reflected MAO-B, reactive astrogliosis, and Wallerian degeneration of the pyramidal tract due to CAA related lobar ICH, and possibly tau accumulation.

Finally, the therapies targeting APOE ε2 and APOE2 for AD have been extensively developed; a viral-mediated APOE ε2 overexpression, converting APOE ε4 to APOE ε2, and plasma APOE-based therapy were described detail in a recent review (64). Although these trials have some effect, unfortunately, they have not been effective, regardless of their successful experimental results. Besides severe CAA pathology, this case presented with hypobetalipoproteinemia, however, we could not elucidate the clear molecular and pathological relationships between them. To validate the mechanisms of effective therapies targeting APOE2/APOE ε2, more evidence from humans and animal models is required. Further, more AD patients carrying the APOE ε2 allele are required to analyze pathological and biochemical findings. Furthermore, improved understanding of the roles of APOE2/APOE ε2 in other diseases, CAA/Stroke and different proteinopathies, including tau, TDP-43, and α-synuclein pathologies, may allow a comprehensive assessment of the safety of APOE2 targeted therapeutics for AD.

A limitation of this study is that it includes only one AD patient carrying a homozygous APOE ε2 allele with recurrent hemorrhages and multiple cSS regions. This impedes statistical analyses for cholesterol levels in comparison to other APOE alleles or healthy control groups. The other limitation is that we could not confirm how histopathological association between 18F-THK5351 retention and astrogliosis pathology since we histologically observed only a part of the brain. To better understand the pathological mechanism, a detailed investigation using neuroradiological, biochemical, genetical, and pathological methods is required in CAA and AD patients.
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