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Abstract

Adipocyte enhancer binding protein 1 (AEBP1) activates inflammatory responses via the
NF-jB pathway in macrophages and regulates adipogenesis in preadipocytes. Up-regulation
of AEBP1 in the hippocampi of patients with Alzheimer’s disease (AD) has been revealed
by microarray analyses of autopsied brains from the Japanese general population (the
Hisayama study). In this study, we compared the expression patterns of AEBP1 in normal
and AD brains, including in the hippocampus, using immunohistochemistry. The subjects
were 24 AD cases and 52 non-AD cases. Brain specimens were immunostained with
antibodies against AEBP1, tau protein, amyloid b protein, NF-jB, GFAP and Iba-1. In
normal brains, AEBP1 immunoreactivity mainly localized to the perikarya of hippocampal
pyramidal neurons, and its expression was elevated in the pyramidal neurons and some
astrocytes in AD hippocampi. Although AEBP1 immunoreactivity was almost absent in
neurons containing neurofibrillary tangles, AEBP1 was highly expressed in neurons with
pretangles and in the tau-immunopositive, dystrophic neurites of senile plaques. Nuclear
localization of NF-jB was also observed in certain AEBP1-positive neurons in AD cases.
Comparison of AD and non-AD cases suggested a positive correlation between the
expression level of AEBP1 and the degree of amyloid b pathology. These findings imply
that AEBP1 protein has a role in the progression of AD pathology.

INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disorder that
accounts for the largest numbers of dementia cases. Since 1961, we
have been conducting a long-term prospective cohort study of
cerebro-cardiovascular diseases in the town of Hisayama, a suburb
of Fukuoka in Japan. Previously, the Hisayama study has shown
trends in the prevalence of AD and vascular dementia, and that
both insulin resistance and dyslipidemia may be independent risk
factors for plaque-type pathology (18, 19). We have expanded our
observations of the molecular pathological alterations in AD brains
by microarray analyses of post-mortem human brains donated to
the Hisayama study (9). Extensive expression profiling using
microarray analyses in a previous study revealed that adipocyte
enhancer binding protein 1 (AEBP1) mRNA was significantly
increased 2.68-fold in the AD hippocampus (9).

AEBP1 was originally identified in a mouse smooth muscle cell
line as a transcriptional repressor with carboxypeptidase activity

(7). Human AEBP1 was first identified as a gene whose cDNA is
found exclusively in osteoblast and adipose tissue libraries (21).
The predicted human AEBP1 protein had a nuclear targeting signal
domain not seen in mouse Aebp1. Later it was revealed that
AEBP1 was highly homologous to the C-terminus of aortic car-
boxypeptidase like protein (ACLP), a 1158-amino acid protein
identified from aortic smooth muscle cells (13). Further observation
revealed that AEBP1 and ACLP originate from the same gene,
AEBP1, located on 7p13, suggesting that AEBP1 and ACLP (i.e.,
full-length AEBP1) expression is modulated mainly by alternative
splicing (13, 23). In addition, full-length AEBP1 is predominantly
secreted from smooth muscle cells to the extracellular matrix of
mesenchymal cells (4, 5, 14), while the short isoform of AEBP1
appears to reside in the cytoplasm or nuclei and regulate intracellu-
lar signaling (13, 17). Diverse physiological functions of AEBP1
have previously been reported including the activation of inflam-
matory processes in macrophages by activating nuclear factor
kappa B (NF-jB) (17), inhibition of peroxisome proliferator-
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activated receptor-gamma (PPAR-g) and liver X receptor alpha
(LXRa) (1, 16), regulation of adipogenesis via phosphatase and
tensin homolog deleted from chromosome 10 (PTEN) in preadipo-
cytes (11, 24, 33), abdominal wall development (3, 14) and lung
fibrosis (26, 28). In mice, the short isoform of Aebp1 rather than
the full-length isoform seems to have the activity of inflammatory
processes in macrophages (1, 16, 17). However, the function of
AEBP1 including the full-length isoform and the short isoform in
physiological and pathological conditions in the human brain
largely remains unknown.

In this study, we examined changes in the expression of AEBP1 in
AD hippocampi using immunohistochemistry and immunoblotting to
provide insight into the role of AEBP1 in the pathology of AD.

MATERIALS AND METHODS

Subjects

We examined 68 autopsy cases from Hisayama residents obtained
from January 2013 to June 2014, and eight cases randomly selected
from cases autopsied between 2009 and 2011. The total of 76 cases
included 24 AD cases and 52 non-AD cases. The specimens
included the middle frontal, superior and middle temporal gyri,
inferior parietal lobule, hippocampus with entorhinal cortex and
transentorhinal cortex at the coronal level of the lateral geniculate
body, and the striate area. The AEBP1 mRNA expression analysis
was performed using seven AD and 10 non-AD autopsy samples

from our previous study (9). The study was approved by the Ethics
Committee of the Faculty of Medicine, Kyushu University.

Neuropathological assessment

The neuropathological examinations were performed as previously
described (18). Briefly, formalin-fixed brain samples were embed-
ded in paraffin and cut into 6 mm sections and stained with hema-
toxylin and eosin. AD pathology was assessed according to the
Consortium to Establish a Registry for Alzheimer’s disease
(CERAD) guidelines (20) and the Braak and Braak neurofibrillary
tangle (NFT) staging system (2). Clinicopathological characteristics
of the study subjects are shown in Table 1.

Immunohistochemistry was performed using the following pri-
mary antibodies; anti-phosphorylated tau protein (clone AT8, mouse,
monoclonal, 1:500, Innogenetics, Gent, Belgium), anti-amyloid b

protein (clone 6F/3D; mouse, monoclonal, 1:100; Dako Cytomation,
Carpinteria, CA, USA) and anti-AEBP1 (recognizing C-terminus
side, 912-1014 amino acids of AEBP1, monoclonal, mouse, 1:333;
ab54820; Abcam, Cambridge, UK). To unmask the epitope, sections
were either autoclaved at 1218C for 10 minutes in 0.01 mol/L citrate
buffer, pH 6 (for anti-AEBP1 and phosphorylated tau antibody) or
dipped in 90% formic acid for 60 minutes (for anti-amyloid b pro-
tein antibody). Specimens were incubated with the primary antibod-
ies at 48C overnight, and the signal visualized using an enhanced
indirect immunoperoxidase method (EnVision 1 System; Dako).
Nuclei were counterstained with hematoxylin.

Double immunofluorescence was performed using combinations
of primary antibodies against AEBP1/4-repeat tau (CAC-TIP-4RT-
P01; rabbit, polyclonal, 1:1500; Cosmo Bio, Tokyo, Japan), AEBP1/
glial fibrillary acidic protein (GFAP) (Z0334; rabbit, polyclonal,
1:250; Dako), AEBP1/S-100 protein (NCL-L-S100p, rabbit, polyclo-
nal, 1:200; Leica Biosystems, Newcastle, UK), AEBP1/ionized
calcium-binding adaptor molecule 1 (Iba-1) (019-19741; rabbit, poly-
clonal, 1:250; Wako, Osaka, Japan), AEBP1/CD45 (LCA) (M0701,
mouse, monoclonal, 1:50; Dako) and AEBP1/NF-jB p50 component
(ab32360; rabbit, monoclonal, 1:100; Abcam). The signal was visual-
ized using appropriate secondary antibodies conjugated to Alexa
Fluor dyes (1:50; Thermo Fisher Scientific, Waltham, MA, USA), or
the OpalTM 3-plex kit using fluorescein, cyanine 3 and cyanine 5
(NEL791001KT, PerkinElmer, Waltham, MA, USA). Nuclei were
counterstained with 40,6-diamidino-2-phenylindole (DAPI). The
specimens were examined using a confocal laser microscope (A1
Confocal Laser Microscope, Nikon Corporation, Tokyo, Japan).

Image analyses of immunoreactivity for AEBP1

We semiquantitatively evaluated AEBP1 immunoreactivity in the
brains of three AD and three non-AD cases. AEBP1-immunoreactivity
was defined as follows: (2), no AEBP1-immunopositive structures;
(1), over half the cells weakly immunopositive for AEBP1; (11),
many cells immunopositive for AEBP1 with variable staining inten-
sities; (111), almost all cells strongly immunopositive for AEBP1
(examples are shown in Supporting Information Figure S1). We could
not examine spinal cords because these samples were not included in
the autopsy cases of the Hisayama study. Instead, we performed immu-
nohistochemistry for AEBP1 on a spinal cord obtained from a non-
demented patient (a 46-year-old man with Becker muscular
dystrophy).

Table 1. Clinicopathological characteristics of the study subjects.

AD (n 5 24) non-AD (n 5 52) P-value

Age at death (years) 89.0 6 10.2 82.6 6 6.1 0.0006

Male (%) 11 (45.83) 25 (48.08) 0.8555

Brain weight (g) 1128 6 159.3 1209 6 119.7 0.017

Post-mortem interval (h) 14.7 6 10.9 16.1 6 11.9 0.6155

CERAD senile plaque

assessment

None 0 16

Sparse 0 20

Moderate 0 5

Frequent 24 11

Braak and Braak staging

1, 2 0 11

3, 4 1 20

5, 6 23 21

Other dementia

Vascular dementia 3 7

Lewy body disease 2 2

Other tauopathy * 1 14

(no dementia) 0 35

AD 5 Alzheimer’s disease; CERAD 5 The consortium to establish a

registry for Alzheimer’s disease; * “Other tauopathy” includes argyro-

philic grain disease and senile dementia with neurofibrillary tangles.

Values are shown as mean 6 standard deviation. Statistical compari-

sons between groups are performed using Welch’s t-test (age at

death, brain weight and post-mortem interval) or chi-square test (ratio

of males).
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Immunoreactivity for AEBP1 in human hippocampi was quanti-
tatively evaluated. Photomicrographs of each specimen were taken
in the CA1–4 subfields, subiculum and entorhinal cortex at 2003,
magnification using a digital microscope camera (DP21; Olympus,
Tokyo, Japan) mounted on a light microscope (BX41; Olympus).
Images were analyzed using ImageJ ver 1.48 (http:/rsb.info.nih.-
gov/ij) as follows. The size of each image was 1600 3 1200 pixels
and the photographed area was 3.632 3 2.724 mm2. The hematox-
ylin staining was separated from the DAB coloring using the Color
Deconvolution plugin (25). For each image, we manually set the
highest threshold for the selection of regions of interest at which
the background staining was sufficiently eliminated. We then meas-
ured the mean gray value and ratio of the stained area to the total
area. The optical density (OD) of each image was defined as the
difference between the mean gray value of the total microscopic
field and the highest gray value of the ROI. We employed the OD
in area CA4 (ODCA4) as the internal control because the staining
intensity was strong and constant in this area across the specimens.
We compared the relative ODs (% of ODCA4) of each region
between the cases.

Western blotting

Hippocampal tissues from four AD cases and four non-AD cases
from the current case series were sampled at autopsy. For control
samples, we separately obtained aorta, adrenal gland, cerebral cor-
tex of frontal lobe and hippocampal tissues from a non-demented
patient (a 46-year-old man with Becker muscular dystrophy) from
the Department of Neurology, Neuro-Muscular center, National
Omuta Hospital. The samples were snap frozen and stored at
2808C until use. The brain samples were homogenized at
5000 rpm for 30 s in a bead disrupter homogenizing system (Micro
Smash MS-100; Tomy Seiko Co., Ltd, Tokyo, Japan) to a final
concentration of 10% in lysis buffer (50 mM Tris-HCl pH 6.8,
2 mM EDTA, 2 mM PMSF, 0.5% Triton-X, PhosSTOP [Roche,
Indianapolis, IN, USA] and cOmpleteTM (Roche)). The homoge-
nates were then clarified by centrifugation at 2100 3 g for 5
minutes and the supernatant was stored at 2808C. For the aorta
and adrenal gland tissues, we performed an additional acetone pre-
cipitation to remove excess lipid. The lysate was mixed in four vol-
umes of acetone, incubated at 2808C for 60 minutes and
centrifuged at 10 000 3 g for 15 minutes. The supernatant was
aspirated and the precipitate was dried and dissolved in lysis buffer.
In addition, we used hippocampal lysates from four AD cases and
four non-AD cases diluted in radioimmunoprecipitation assay
buffer (150 mM NaCl, 50 mM Tris-HCl pH 8.0, 1.0% NonidetTM

P-40, 0.5% sodium deoxycholate and 0.1% SDS) as described in
our previous experiment (9).

The lysate was mixed with 50% LDS sample buffer (Thermo
Fisher Scientific) containing 5% 2-mercaptoethanol, and heated to
958C for 5 minutes. The lysate was separated in a 10% tris-glycine
extended gel (Bio-Rad, Hercules, CA, USA) and transferred onto
polyvinylidene difluoride membrane (Bio-Rad). The membranes
were incubated with 5% skim milk diluted in tris-buffered saline,
0.1% Tween 20 for 60 minutes at room temperature and probed with
the following primary antibodies for 1 h at room temperature:
AEBP1 C-terminus, amino acids 912–1014 (ab54820; mouse, mono-
clonal, 1:1500; Abcam); AEBP1 N-terminus, amino acids 341–372
(LS-C156122; rabbit, polyclonal, 1:1000; Lifespan BioScience,

Seattle, WA, USA) and cyclophilin B (ab178397; rabbit, monoclo-
nal, 1:5000; Abcam). After rinsing, the membranes were incubated
with peroxidase-conjugated secondary antibodies (AP192P; anti-
mouse IgG, 1:10 000; Merck Millipore, Darmstadt, Germany; or
#170-6515; anti-rabbit IgG, 1:10 000; Bio-Rad) for 1 h at room tem-
perature. Immunoreactivity was visualized using Enhanced Chemilu-
minescence Plus Western Blotting Detection Reagent (GE
Healthcare; Chalfont St. Giles, UK) according to the manufacturer’s
instructions. The relative amount of AEBP1 protein to the loading
control cyclophilin B, was measured by densitometry using the Light
Capture System II, CS Analyzer (ver 2) (Atto, Tokyo, Japan).

mRNA expression analysis

Total RNA was isolated and the expression profile of AEBP1 mRNA
was determined as described previously (9). According to the
Emsembl database (http://www.ensembl.org) (32) based on the human
genome assembly GRCh38, AEBP1 gene has four protein-coding tran-
scripts including mRNA1 (4081 base pairs (bp), consisting of 21
exons, coding the full-length 1158-amino acid protein), mRNA2
(2571 bp, consisting of exons 12–21 and retained introns 12 and 13 of
mRNA1, coding a 733-amino acid protein), mRNA3 (751 bp, consist-
ing of exons 1–3 and 6–8 of mRNA1, coding a 251-amino acid pro-
tein) and mRNA4 (566 bp, consisting of exons 2–4 and retained intron
1 of mRNA1, coding a 162-amino acid protein). Of the proteins trans-
lated from these protein-coding mRNA, only the products derived
from mRNA1 and mRNA2 could be examined using immunohisto-
chemistry (ab54820, recognizing the C-terminus 912–1014 amino
acids of AEBP1). Therefore, we focused our investigation on mRNA1
and mRNA2. The first exon of mRNA2 consists of exons 12, 13 and
14 and retained introns 12 and 13 of mRNA1. To examine which
splice variants of AEBP1 were expressed in human hippocampi, we
performed reverse-transcription polymerase chain reaction (RT-PCR)
using primers crossing exons 12 and 13 (forward, 50-
ACAGCCAGACATGGGTGATG-30; reverse, 50-GTCCTTGTC
CACGTTCCCAT-30; product lengths: mRNA1, 71 bp, mRNA2, 174
bp) and exons 13 and 14 of mRNA1 (forward, 50-
GCATCTACCCACTCACCTGG-30; reverse, 50-ACCTCATTC
TGTGCGTAGTAGC-30; product lengths: mRNA1, 100 bp, mRNA2,
196 bp). Each sample was reverse-transcribed to first strand cDNA
using 1 lg of total RNA, random primers and the High-Capacity
cDNA Reverse-Transcription Kit (Life Technologies Japan, Tokyo,
Japan). Each PCR reaction was performed using 0.5% of the total
complementary DNA, forward and reverse primers (primer set #1,
200 nM; primer set #2, 50 nM) and 10 lL of THUNDERBIRD
SYBR qPCR Mix (Toyobo, Tokyo, Japan) in a total volume of 20 lL,
using a Thermal Cycler Dice Real-Time System Single (Takara,
Kyoto, Japan). The PCR reaction was performed as follows: a single
cycle of 958C for 30 s, and 40 cycles of 958C for 5 s and 608C for 1
minute. Specificity of the PCR products was established by dissocia-
tion curve analysis, and sizes verified on a 2.5% agarose gel.

Statistical analysis

All values are expressed as means 6 standard deviations (SD) or
medians [95% confidence intervals]. Statistical comparisons
between groups were performed using Welch’s t-tests or Wilcoxon
rank sum tests for the single-group comparison of the numerical
values, one-way analysis of variance (ANOVA) followed by

AE-Binding protein 1 (AEBP1) in Alzheimer’s disease brains Shijo et al.

60 Brain Pathology 28 (2018) 58–71

VC 2016 International Society of Neuropathology

http://www.ensembl.org


Tukey–Kramer honest significant difference (HSD) test for the
multi-group comparison of the numerical values, or chi-square test
for the single-group comparison of the categorical values using
JMP software (Version 11, SAS Institute, Cary, NC, USA). Proba-
bility values of <0.05 were considered statistically significant.

RESULTS

AEBP1 expression in the human central
nervous system

The immunohistochemical profiles of AEBP1 in the human central
nervous system were investigated in three AD, three non-AD cases
and a control cases (Table 2), and representative photomicrographs
are shown in Figure 1. We observed expression of AEBP1 in the
perikarya of pyramidal neurons in the hippocampal formation, cere-
bral cortex, basal ganglia, thalamus and brainstem. AEBP1-
immunopositive astrocytes and microglia were also seen in some
cases although both the immunoreactivity intensity and frequency
of AEBP1-immunopositive cells were lower than those in pyrami-
dal neurons. In contrast, Purkinje and granular cells in the cerebel-
lar cortex were almost immunonegative, whereas Bergmann glia
were moderately immunopositive. Choroid plexus epithelial cells
were also immunopositive for AEBP1 as previously described (14).
The difference in AEBP1immunoreactivity between AD and non-
AD cases seemed to be most evident in the hippocampal formation.
In the spinal cord, pyramidal neurons of the ventral and dorsal
horns were immunopositive for AEBP1, with no evident AEBP1-
immunopositive structures in the white matter.

AEBP1 expression in human hippocampi

We observed expression of AEBP1 in the perikarya of pyramidal
neurons in the hippocampi, subiculum and entorhinal cortex as well
as in granule cells of the dentate gyrus in both the AD and non-AD
groups (Figure 2). In the non-AD group, the immunoreactivity for
AEBP1 was weaker in area CA1, the subiculum and the entorhinal
cortex compared with areas CA4, CA3 and CA2 (Figure 2A–G).
AEBP1-postive glial cells were also sparsely distributed throughout
these regions. In the AD group, expression of AEBP1 in pyramidal
neurons was elevated in all regions, and AEBP1-postive glial cells
were also increased (Figure 2H–N). These AEBP1-immunopositive
structures were not detected in negative controls without the primary
antibody (see Supporting Information Figure S2).

The relationship between AD pathology and
AEBP1 expression

Neurofibrillary tangles (NFTs) were immunonegative for AEBP1,
and AEBP1 immunoreactivity was weakened in the perikarya of
NFT-bearing neurons (Figure 3A, arrowhead). Double immunoflu-
orescence for AEBP1 and 4-repeat tau in area CA1 also showed
that AEBP1 was depleted in neurons bearing NFTs (Figure 3B–D,
arrowheads). However, neurons with pretangles, revealed by dif-
fuse staining for tau protein in neuronal somata, appeared to have
elevated expression of AEBP1 (Figure 3B–D, arrows).

In senile plaques, club-like, AEBP1-immunopostive structures
were observed, while amyloid cores were immunonegative for
AEBP1 (Figure 3A, arrow). AEBP1 and amyloid b protein

immunohistochemistry in serial sections confirmed the localization
of AEBP1-immunoreactivity to neuritic plaques, whereas the distri-
bution of AEBP1 was different to that of amyloid b protein (Figure
3E,F). These AEBP1-immunopositive structures in senile plaques
were observed more frequently in area CA1, the subiculum and the
entorhinal cortex than in the other subfields of the hippocampus
and the parahippocampal cortices. Double immunofluorescence for
AEBP1 and 4-repeat tau showed partial co-localization of the pro-
teins. AEBP1 was expressed mainly in neurites with diffuse stain-
ing for 4-repeat tau protein, but depleted in neurites containing
solid tangles. (Figure 3G–I). These AEBP1-immunopositive struc-
tures in senile plaques were not detected in negative controls with-
out the primary antibody (see Supporting Information Figure S2).

An overlap of AEBP1-, GFAP- and S-100 protein-immunoposi-
tivity was noted in the cytoplasm of astrocytes. We also observed
co-localization of small AEBP1-immunopositive structures in some
Iba-1- and LCA-positive microglial cell bodies. However, the
AEBP1 immunoreactivity in senile plaques did not colocalize with
astrocyte markers and microglia markers (see Supporting Informa-
tion Figure S3).

We also found that certain AEBP1-immunopositive neurons in
the AD group showed nuclear localization of NF-jB. Conversely,
in glial cells no definite nuclear localization of NF-jB was observed
regardless of AEBP1 expression. In contrast, nuclear localization of
NF-jB in neurons of non-AD group was not evident (Figure 4).

Quantitative comparison of AEBP1
immunoreactivity in AD and non-AD groups

We quantitatively compared AEBP1 immunoreactivity in the hip-
pocampi of AD and non-AD groups (Figure 5A–C). The mean OD
in area CA4 was similar in the AD and non-AD groups (AD group,
25.57 6 7.05; non-AD group, 25.86 6 7.46; P 5 0.876; Figure
5D). The difference in the mean area of AEBP1-immunopositive
structures in area CA4 was not significant between the groups (%
of photographed area; AD group, 3.39 6 1.08; non-AD group,
3.38 6 1.05; P 5 0.984, Figure 5D). We, thus, defined the OD in
the CA4 area (ODCA4) as the internal control for each specimen,
and compared the relative ODs of each region as a percentage of
the ODCA4 in both the AD and non-AD groups.

AEBP1 immunoreactivity in different AD and non-AD brain
regions is shown in Figure 5E–I. The OD of AEBP1 (% of ODCA4)
in AD cases was significantly higher than in non-AD subjects in
areas CA3 (AD, 102.71 6 13.72; non-AD, 95.46 6 12.09;
P 5 0.0321) and CA1 (AD, 80.90 6 18.92; non-AD, 69.29 6 10.80;
P 5 0.0088), the subiculum (AD, 76.91 6 15.69; non-AD,
59.73 6 10.00; P< 0.0001) and entorhinal cortex (AD;
86.62 6 24.57; non-AD, 72.85 6 12.8; P 5 0.0149), but not in area
CA2 (AD, 104.34 6 14.03; non-AD, 102.52 6 14.97; P 5 0.614).
The area of AEBP1-immunopositivity (% of photographed area) in
AD cases was also significantly larger in area CA1 (AD,
3.23 6 1.02; non-AD, 2.36 6 1.22; P 5 0.0021), the subiculum
(AD, 3.68 6 1.49; non-AD, 1.76 6 0.93); P< 0.0001) and the ento-
rhinal cortex (AD, 4.13 6 1.89; non-AD, 2.40 6 1.25; P 5 0.0003).

To analyze the changes in AEBP1-expression due the pathologi-
cal progression of AD, we compared relative OD and AEBP1-
positive areas in different CERAD senile plaque assessment stages
(N, S, none and sparse, n 5 36 vs. M, F, moderate and frequent;
n 5 40) and Braak and Braak NFT stages (stages 1 and 2, n 5 11;
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Table 2. Immunohistochemical profiles of AEBP1 in human brains.

AD nAD

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3

age at death (years) 101 100 89 59 87 84

sex M F F F M F

Post-mortem index (minute) 1012 308 1470 650 1233 756

CERAD plaque assessment Frequent Frequent Frequent None None None

Braak and Braak NFT stage 6 5 5 1 4 4

hippocampal formation

dentate gyrus 1 1 1 1 1 2

CA4 111 111 111 111 11 11

CA3 111 111 111 11 11 11

CA2 111 111 111 11 11 11

CA1 111 111 111 1 1 1

subiculum 111 111 11 1 1 1

entorhinal cortex 11 11 11 1 1 1

transentorhinal cortex 1 11 1 1 1 1

cerebral cortex

neuron 11 111 111 1 11 11

astrocyte 1 1 11 1 1 1

oligodendrocyte 2 2 2 2 2 2

microglia 1 1 1 2 1 2

endothelium 2 2 2 2 2 2

smooth muscle cell 2 2 2 2 2 2

arachnoid cell 2 1 2 2 1 2

cerebral white matter

astrocyte 11 11 11 1 1 1

oligodendrocyte 2 2 2 2 2 2

endothelium 2 2 2 2 2 2

smooth muscle cell 2 2 2 2 2 2

ependymal cell 2 2 1 1 2 2

choroid plexus epithelial cell 111 111 111 111 111 111

cerebellum

Purkinje cell 2 1 2 1 1 2

Bergmann glia 1 11 11 11 11 11

granular cell 2 2 2 1 2 1

dentate nucleus 1 1 1 1 1 1

Neurons in other regions

putamen 11 11 1 1 11 1

globus pallidus 11 11 111 1 1 11

Meynert’s nucleus 111 111 111 11 111 111

amygdala 11 111 111 1 111 111

thalamic nuclei 111 11 11 11 11 11

subthalamic nucleus 111 111 11 11 1 111

substantia nigra 1 11 11 2 1 1

oculomotor nucleus 11 111 111 111 111 11

locus coeruleus 2 1 2 2 2 2

raphe nuclei 1 1 11 11 11 11

pontine nuclei 1 1 1 11 1 11

hypoglossal nucleus 11 111 11 11 111 111

dorsal vagal nucleus 11 111 11 1 1 1

inferior olivary nucleus 111 111 111 11 111 111

AD 5 Alzheimer’s disease; CERAD 5 The Consortium to Establish a Registry for Alzheimer’s Disease; NFT 5 neurofibrillary tangle.
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stages 3 and 4, n 5 21; stages 5 and 6, n 5 44). The AEBP1 OD
(% of ODCA4) and AEBP1-positive area (% of photographed area)
in area CA1 were not significantly different over the senile plaque
stages (OD: N, S, 70.71 6 11.46; M, F, 74.98 6 17.13; P 5 0.211,
area: N, S, 2.34 6 1.41; M, F, 2.90 6 0.974; P 5 0.0517; Figure
6A) or NFT stages (OD: stages 1 and 2, 71.32 6 10.71; stages 3
and 4, 71.29 6 12.64; stages 5 and 6, 74.16 6 16.63; P 5 0.712,
area: stages 1 and 2, 2.14 6 1.24; stages 3 and 4, 2.62 6 1.37;
stages 5 and 6, 2.77 6 1.14; P 5 0.314; Figure 6B), although the
AEBP1-positive area tended to be larger in the later CERAD

stages. In the subiculum, the OD of AEBP1 and AEBP1-positive
area increased along with the progression of senile plaque pathol-
ogy (OD: N, S, 60.68 6 9.99; M, F, 69.18 6 16.61; P 5 0.0094;
area: N, S, 1.70 6 0.97; M, F, 2.96 6 1.54; P< 0.001; Figure 6C).
The AEBP1-positive area in the subiculum also increased signifi-
cantly along with the progression of NFT pathology (stages 1 and
2, 1.30 6 0.70; stages 3 and 4, 1.97 6 0.91; stages 5 and 6,
2.82 6 1.59; P 5 0.0017; Figure 6D). The OD in the subiculum
tended to be higher in cases in Braak stages 5 or 6 than in those in
other stages; however, there was no significant difference (stages 1

AD

C

non ADA B AD non AD

D

E F

G H

I

AD non AD AD non AD

AD non AD AD non AD

AD non AD AD non AD

AD non AD J1 J2non AD non AD

Figure 1. Distribution of AEBP1 protein expression in the human

central nervous system. (A–I) Immunohistochemistry for AEBP1 in an

AD subject (AD case 1 in Table 2) and a non-AD subject (non-AD case

1 in Table 2). (A) cerebral neocortex, (B) cerebral white matter, (C)

amygdala, (D) basal nucleus of Meynert, (E) thalamic nuclei, (F)

ependymal cells, (G) choroid plexus, (H) cerebellar cortex, (I) dorsal

vagal nucleus. (J1 and 2) Immunohistochemistry for AEBP1 in the

eighth cervical spinal cord of a non-demented patient (46-year-old man

with Becker muscular dystrophy). (J1) pyramidal neurons of the ven-

tral horn, (J2) the lateral funiculus. Bars 5 20 mm.
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and 2, 59.36 6 7.39; stages 3 and 4, 61.45 6 10.05; stages 5 and 6,
68.37 6 16.67; P 5 0.0675; Figure 6D). In the entorhinal cortex,
the AEBP1-positive area significantly increased along with the pro-
gression of senile plaques although the OD was not significantly
different (OD: N, S, 75.01 6 13.10; M, F, 79.17 6 22.07;
P 5 0.317; area: N, S, 2.37 6 1.35; M, F, 3.46 6 1.79; P 5 0.0034;
Figure 6E). The AEBP1-positive area in the entorhinal cortex also
increased significantly along with the progression of NFT (area:
stages 1 and 2, 1.46 6 0.57; stages 3 and 4, 2.48 6 0.97; stages 5
and 6, 3.54 6 1.83; P 5 0.0002; Figure 6F). The OD in the entorhi-
nal cortex tended to be larger in cases in Braak stages 5 or 6 than in
those in other stages. However, Tukey–Kramer HSD post hoc

analysis failed to reveal a significant difference (stages 1 and 2,
69.48 6 9.86; stages 3 and 4, 71.56 6 11.76; stages 5 and 6,
81.82 6 21.21; P 5 0.033; Figure 6F).

AEBP1 immunoblotting

Immunoblotting with aortic lysate from the normal control case
showed bands at both 130 kDa and 170 kDa, corresponding to the
molecular weights of the full-length protein (4) and its glycosylated
form (13), respectively. The band around 83 kDa, corresponding to
the molecular weight of the short isoform (15), was also seen. In
contrast, immunoblotting with lysates from the adrenal gland from

Figure 2. Immunohistochemistry for AE-binding protein (AEBP1) in

human hippocampi and parahippocampal cortices of a non-AD subject

(A–G) and an AD case (H–N). (A, H) Low-power images of CA2–CA4

subfields. (B–G, I–N) High-power images of the CA4 (B, I), CA3 (C,

J), CA2 (D, K) and CA1 (E, L) regions, the subiculum (F, M) and den-

tate gyrus (G, N). AEBP1 is localized in neuronal perikarya. In a non-

AD subject, immunoreactivity for AEBP1 was weak in area CA1 (E)

and the subiculum (F) compared with areas CA2–CA4 (B–D). In one

AD case, immunopositivity for AEBP1 was increased in neurons in

each hippocampal subfield and in some glial cells (arrowheads in I–N).

(A, H) bars 5 300 lm. (B–G, I–N) bars 5 20 lm.
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the same case only showed a band around 83 kDa. In the hippo-
campus and frontal cortex, AEBP1-immunoblotting revealed a
band around 83 kDa and another with a lower signal intensity
around 170 kDa. These signals were not detected when immuno-
blotting without the primary antibody (Supporting Information Fig-
ure S4A). AEBP1-immunoblotting with hippocampal lysates from
another set of AD and non-AD subjects sampled during 2013–

2014 also revealed bands around 83 kDa, as well as around 170
kDa, without significant differences between each group in the
amount of the protein (data not shown). We performed additional
immunoblotting with hippocampal lysates from the previous study,
in which the expression levels of AEBP1 mRNA had been already
analyzed (9). This immunoblotting with anti-AEBP1 antibody rec-
ognizing amino acids 912–1014 of the full-length protein (an

Figure 3. Distribution of the AEBP1 protein in neuritic plaques and in

tangle-bearing neurons. (A) Immunohistochemistry for AEBP1 in the

hippocampi of AD cases. (B–D) Double immunofluorescence for

AEBP1 (green) and 4-repeat tau (red) in area CA1. (E, F) Immunohis-

tochemistry for AEBP1 (E) and amyloid b protein (F) on serial sec-

tions. (G–I) Double immunofluorescence for AEBP1 (green) and 4-

repeat tau (red) in a neuritic plaque. Neurofibrillary tangles (NFTs) are

immunonegative for AEBP1 (arrowheads in A–D) and AEBP1 is mark-

edly depleted in neurons bearing NFTs. In contrast, neurons with

pretangles are positive for AEBP1 (arrows in B–D). Club-like, AEBP1-

immunoreactive structures are observed around an AEBP1-

immunonegative amyloid core (arrow in A). AEBP1 protein is

deposited in neuritic plaques, however, the distribution is somewhat

different to that of amyloid b protein (E, F). Double immunofluores-

cence shows a partial co-localization of AEBP1 and 4-repeat tau pro-

tein in a neuritic plaque (G–I). Cross sections of z-stacked images of

the structure pointed by arrow are shown in the right and lower side

of (G). Bars 5 50 lm.

Shijo et al. AE-Binding protein 1 (AEBP1) in Alzheimer’s disease brains

Brain Pathology 28 (2018) 58–71

VC 2016 International Society of Neuropathology

65



epitope within a domain common to the full-length and short iso-
forms) showed bands around both 83 kDa and 170 kDa. Each of
the proteins probed was also detected with another anti-AEBP1
antibody recognizing amino acids 341–372 of the full-length pro-
tein (an epitope within a full-length-specific domain) (Supporting
Information Figure S4B). As the 83-kDa band was detected with
both antibodies, it is possible that this band represents a truncated
product of the full-length AEBP1, rather than a product from a
short splice variant mRNA. Several extra bands were also seen in
each experiment, probably derived from serum immunoglobulin,
auto-proteolytic products during post-mortem periods, or unknown
post-translational modification products.

mRNA expression profiles of AEBP1 in human
hippocampi

The microarray analysis in the previous experiment (9) showed a
greater expression of AEBP1 mRNA in human AD hippocampi
than in non-AD hippocampi (by-weight average signal (log2): AD,
9.75 [8.55–11.02]; non-AD, 8.69 [8.50–9.36], P 5 0.011; Figure
7A). The quantitative RT-PCR (qRT-PCR) in our previous experi-
ment (9) showed that the relative expression level of AEBP1
mRNA appeared to increase in AD cases, but without statistical
significance (ratio AD:non-AD, 1.99, P 5 0.330). The primers in
the previous qRT-PCR were designed to join exon 14 of mRNA1
and thus were able to amplify both mRNA1 and mRNA2, so it was

unclear which transcript had altered expression levels during AD
pathological changes. RT-PCR using primer set #1 (flanking the
junction of exons 12–13 of mRNA1) and set #2 (flanking the junc-
tion of exons 13–14 of mRNA1) showed that both primer sets
could amplify the fragments corresponding to AEBP1 mRNA1. In
contrast, fragments corresponding to mRNA2 were amplified only
with primer set #1. We tried additional experiments using higher
concentrations of primer set #2 (up to 200 nM); however, the frag-
ments corresponding to mRNA2 were still not observed (data not
shown). These findings suggest: (1) the AEBP1 mRNA isolated
from human hippocampi contained mRNA1, but the mRNA2 con-
taining introns 12 and 13 is not expressed in human hippocampi
(Figure 7B,C); (2) the qRT-PCR result in our previous experiment
(9) reflected the expression level of AEBP1 mRNA1, but not that
of mRNA2; (3) the 83-kDa protein observed by immunoblotting
seemed to be derived from the full-length protein through unknown
processes such as post-translational modification and/or auto-
proteolysis during the post-mortem period, rather than the short iso-
form of AEBP1 translated from mRNA2.

DISCUSSION

This study revealed that the expression of AEBP1 protein in the
human central nervous system occurred mainly in neurons, and
was elevated in neurons and some glial cells of hippocampi and
parahippocampal cortices in association with AD pathological
changes. RT-PCR revealed that in human brain, the major tran-
script of AEBP1 gene was mRNA1 (coding full-length protein)
rather than mRNA2 (coding short isoform protein) and the full-
length AEBP1 protein existed in human brain. AEBP1 protein
accumulates in senile plaques and neuronal somata, most frequently
in those containing pretangles (indicated by diffuse perikaryal
immunostaining for tau protein). AEBP1-immunoreactivity
increased mainly, in area CA1, the subiculum and the entorhinal
cortex of AD cases, as amyloid b- and tau-associated pathological
changes progressed. This suggests the AEBP1 protein may play a
role in the progression of AD pathology.

Regarding the constitutive expression of AEBP1 in brain tissue,
previous reports have shown that AEBP1 protein is expressed in
the choroid plexus of embryos (14) and in some glioma cell lines
(12). However, the expression profile of the AEBP1 protein in adult
brains has not yet been examined. This is the first report describing
neuronal expression of AEBP1 protein in the adult human central
nervous system. AEBP1-immunoreactivity appears to be higher in
the neurons of areas CA2, CA3 and CA4 than in area CA1, the
subiculum, or the entorhinal cortex. This heterogeneous expression
pattern suggests differential functions of AEBP1 protein in each
subfield of the hippocampus.

In AD brains, both neurons and glial cells in the affected hippo-
campi showed increased AEBP1-immunoreactivity compared to
those in non-AD cases. This alteration of AEBP1 protein expres-
sion in the hippocampus of AD cases parallels AEBP1 mRNA
expression (9). Notably, the increase of AEBP1-immunoreactivity
mainly occurred in the area CA1, the subiculum and the entorhinal
cortex. These regions are the primary sites of lesions in AD pathol-
ogy, and the AEBP1 protein accumulated in senile plaques and
neurons with pretangles.

A (AD) B C NF-κB p50merge AEBP1

D (AD) E F

G (nAD) H I

Figure 4. Double immunofluorescence for AEBP1 (green) and NF-jB

p50 domain (red) in the subiculum in Alzheimer’s disease (A–F) and

in non-dementia case (G–I). In AD cases, nuclear localization of NF-jB

is noted in some of AEBP1-immunopositive neurons (arrows). In glial

cells, no definite nuclear localization of NF-jB is observed (arrow-

heads). In non-AD cases, nuclear accumulation of NF-jB in neurons is

not observed (G–I). Bars 5 20 lm.
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AEBP1 protein was deposited in senile plaques in area CA1, the
subiculum and the entorhinal cortex. This was reflected in
the results of immunohistochemical densitometry showing that the
AEBP1-positive area increased in these regions as AD pathology
progressed. In senile plaques, AEBP1 protein was distributed in
club-like structures around amyloid cores, and the distribution of
AEBP1 was different to that of amyloid b protein. These AEBP1-
immunopositive structures were mainly located at the peripheral
zone of senile plaques and were larger than microglial soma in size.
Double immunofluorescence revealed that AEBP1 protein in senile
plaques partially co-localized with 4-repeat tau protein, rather than
glial markers. These expression patterns suggest that AEBP1 may
accumulate in degenerative neurites in response to an increased
concentration of tau protein. In comparison, AEBP1 protein was
depleted in highly degenerated neuronal processes in senile plaques
that were filled with tau tangles. Likewise, NFTs in pyramidal neu-
rons were immunonegative for AEBP1, and AEBP1 protein
appeared to be depleted in the somata of neurons with NFTs.
Meanwhile, neurons with pretangles showed increased expression
of AEBP1. We suggest that the increased expression of AEBP1 in
senile plaques and pretangle-bearing neurons contributes to the
overall increase of AEBP1protein expression in AD hippocampi.
These findings also suggest that the expression of AEBP1 in hippo-
campal neurons may be elevated in response to pretangles, but
downregulated at the advanced stage of NFT formation. Thus, it is
likely that AEBP1 does not directly participate in the aggregation
of tau protein. This hypothesis is also reflected in the observation
that the correlation of Braak and Braak NFT stage with AEBP1
mean OD was weaker than that of the AEBP1 positive area in area
CA1, the subiculum and the entorhinal cortex. Based on the amy-
loid cascade hypothesis, these results imply that AEBP1 in neurons
and glial cells acts in response to amyloid b and tau pathology in
earlier stages, but not in the later stages when tau aggregation
occurs.

Immunoblotting did not reveal any difference between AD and
non-AD hippocampi in the expression level of the AEBP1 protein.
This was not fully consistent with the results from the mRNA
expression level and IHC densitometry, each of which showed
increases in AEBP1 expression in AD hippocampi. In addition,
although RT-PCR has revealed that the main transcript of AEBP1 in
human hippocampi is mRNA1, coding full-length protein, immuno-
blotting for AEBP1 reveals bands at lower molecular weights, in
addition to the bands corresponding to the full-length protein. These
discrepancies might be partly attributed to the post-translational
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Figure 5. Semi-quantification of AEBP1-immunoreactivities in hippo-

campi and parahippocampal cortices. (A) A representative RGB image

of AEBP1-immunohistochemisry from a high power view. (B) Extrac-

tion of DAB products using ImageJ plugin (25). (C) The regions of

interests (ROI) for densitometry and area measurement are colored in

red. (D) The absolute optical densities and AEBP1-immunopositive

areas of AEBP1-immunohistochemistry in area CA4. There is no sig-

nificant difference between non-AD cases (white columns) and AD

cases (black columns). (E–I) The optical densities of AEBP1-

immunohistochemistry (density relative to ODCA4) and the AEBP1-

positive areas in areas CA3 (E), CA2 (F) and CA1 (G), the subiculum

(H), and the entorhinal cortex (I) of non-AD cases (white columns)

and AD cases (black columns). Values are mean 6 SD (*P< 0.05 in

Welch’s t-test). (A-C) Bars 5 100 lm.
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processing and stability of the AEBP1 protein, as well as differences
in the tissue distribution of mRNA and protein in the hippocampus.
For example, in regulating NF-jB, AEBP1 is degraded, together
with IjBa, by the ubiquitin-proteasome pathway (17).

The function of the AEBP1 protein in normal and AD hippo-
campi is still not well understood. Previous reports have shown that
the full-length AEBP1 protein is mainly secreted to the extracellu-
lar matrix, and plays a role in extracellular matrix remodeling in
both mouse and human (4, 5, 14, 28). In contrast, the short isoform
of the mouse Aebp1 protein resides in the cytoplasm and nuclei. It
modulates intracellular signaling, such as through the NF-jB path-
way via degradation of IjBa (17) and the phosphatidylinositol
pathway via degradation of PTEN (24), and also regulates the gene
expression of PPARG and NR1H2 as a transcriptional repressor
(16). The short isoform of AEBP1 in humans has not been exten-
sively studied. However, the amino acid sequence of the short iso-
form predicted from mRNA2 consists of the 545–1158 amino acids
of the full-length protein but largely lacks the IjBa-binding site
(amino acids 390–555 of the full-length protein) and one MAPK
interaction site (amino acids 421–624 amino acids of the full-length
protein), which are fully contained only in full-length AEBP1 (29).
Thus, the short isoform of human AEBP1 might not modulate the
NF-jB pathway unlike that of mouse Aebp1, and the full-length
protein of human AEBP1 might be used for regulating intracellular
signaling in human brain. The cytoplasmic distribution of the
AEBP1 protein suggests that it modulates intracellular, extranuclear
components of signaling pathways rather than acting as a transcrip-
tional repressor in neurons and microglia. The nuclear translocation
of NF-jB in neurons expressing high levels of AEBP1 is in line
with this hypothesis. Previous reports have shown that the amyloid
b protein stimulates neuronal and microglial Toll-like receptor 4
(TLR4), resulting in neuronal apoptosis (27, 30). There is also evi-
dence that the TLR4-mediated PTEN/PI3K/Akt/NF-jB pathway is
involved in neuroinflammatory processes in hippocampal neurons
(34). Immunoblotting also revealed that there are �80-kDa proteins
labeled by two anti-AEBP1 antibodies (recognizing amino acids
341–372 and 912–1014), suggesting fragments of full-length
AEBP1 containing the IjBa-binding site (amino acids 390–555),
MAPK interaction site (amino acids 421–624) and probably the
PTEN-interaction site (amino acids 555–985). Together these data
suggest that the AEBP1 protein might promote neuroinflammation
via NF-jB and PTEN in human hippocampal neurons, and contrib-
ute to neurodegeneration. Furthermore, the neurotoxic effects of
amyloid b protein- and the tau protein-mediated NF-jB pathway
via reactive oxygen species (10, 31) and inflammasome (8) have
been reported. Therefore, AEBP1 could also enhance these neuro-
inflammatory processes via IjBa degradation. Conversely, consti-
tutive expression of the AEBP1 protein in normal human
hippocampi suggests that AEBP1 also has roles in normal neuronal
function and neuroprotection against pathological changes. NF-jB
signaling, for example, is necessary for the regeneration of axons
(6) and the maintenance of late-phase long-term potentiation and
long-term memory (22).

In conclusion, the AEBP1 protein is expressed in the pyrami-
dal neurons of human central nervous system and increased in
neurons and glial cells of hippocampi and parahippocampal cor-
tices, correlating with the progression of AD. AEBP1 could
modulate neuronal and glial intracellular signaling, such as the
NF-jB and PTEN pathways. AEBP1 protein accumulation in
senile plaques and neurons with pretangles implies roles of
AEBP1 in the progression of AD. Conversely, constitutive
expression of AEBP1 in neurons suggests that AEBP1 may also
have a role for normal neuronal function. Further functional
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Figure 6. Increased AEBP1 immunoreactivities in subfields of the

hippocampi and parahippocampal cortices (A, B: CA1; C, D:

subiculum; E, F: entorhinal cortex) along with the severities of AD

pathology. The relative optical densities of AEBP1 immunostaining in

each region are shown as ratios to the densities in area CA4. The

AEBP1-positive areas are shown as percentages of the total area.

CERAD, The Consortium to Establish a Registry for Alzheimer’s Dis-

ease; N, S, senile plaque density is “none” or “sparse”; M, F, Senile

plaque density is “moderate” or “frequent.” Values are mean 6 SD

[*P< 0.05 in Welch’s t-test (A, C, E) or Tukey–Kramer HSD post hoc

test after one-way ANOVA (B, D, F)].
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Figure 7. AEBP1 mRNA analysis in human hippocampi. (A)

Comparison of the expression levels of AEBP1 mRNA between AD and

non-AD cases from our previous study (9). The total amount of AEBP1

mRNA is increased in AD cases compared with non-AD subjects. (B)

The scheme of AEBP1 mRNA alternative splicing and the differentiation

by RT-PCR between mRNA1 and mRNA2. Human Genome Assembly

build GRCh38 shows that AEBP1 mRNA1 coding full-length protein con-

tains 21 exons, and that exon 1 of AEBP1 mRNA2 consists of exons 12–

14 and retained introns 12 and 13. We designed primer sets flanking the

junction of exons 12 and 13 (primer set #1) and exons 13 and 14 (primer

set #2), so that mRNA1 and mRNA2 could be differentiated by the

molecular sizes of the PCR products. (C) The RT-PCR products from an

AD case using primer sets #1 and #2. Primer dimers are observed in the

product amplified by primer set #1. The PCR products corresponding to

mRNA1 are amplified by both primer sets. In contrast, the bands corre-

sponding to mRNA2 are amplified only by primer set #1. bp: base pairs,

M: 1Kb Plus DNA Ladder (Thermo Fisher Scientific, Waltham, MA,

USA), NC: negative control without the template cDNA.
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studies are needed to uncover the physiological and molecular
biological functions of AEBP1 in human hippocampal neurons
and to define the pathological role in AD.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site:

Figure S1. Examples of semi-quantification for AEBP1-
immunopositivity. (2): No AEBP1-immunopositive structures.
(1): Over half of the cells weakly immunopositive for AEBP1.
(11): Many of the cells immunopositive for AEBP1 with vari-
able staining intensities. (111): Almost all cells are strongly
immunopositive for AEBP1. Bars 5 20 lm and 100 lm.
Figure S2. Immunohistochemistry without primary antibody in
human hippocampi and parahippocampal cortices of an AD
case, as a negative control. (A) Low-power images of CA2–
CA4 subfields. (B–G) Immunostaining in the CA4 region (B),
CA3 (C), CA2 (D), CA1 (E), subiculum (F) and dentate gyrus
(G). (H) Immunostaining at senile plaques in the subiculum.
There is faint, non-specific staining of lipofuscin in pyramidal
neurons. However, the strongly stained structures shown in Fig-
ures 1–3 and S3 are not observed. A: bars 5 500 lm. B–H:
bars 5 20 lm.

Figure S3. Distribution of AEBP1 protein expression in astro-
cytes and microglia. (A) Bright-field view of astrocytes immu-
nolabeled for AEBP1. (B–M) Immunofluorescence for AEBP1
(green) and the astrocyte markers GFAP and S-100 protein (red)
in single cells (B–G) and a senile plaque (H–M). (N) Bright-
field view of microglia immunolabeled for AEBP1. (O–Z)
Immunofluorescence for AEBP1 (green) and the microglia
markers Iba-1 and LCA (red) in single cells (O–T) and a senile
plaque (U–Z). Immunohistochemistry shows that some astro-
cytes and microglia express AEBP1 in the perinuclear cytosol
(arrows), whereas the AEBP1-immunopositive structures in
senile plaques (arrowhead) are not located in astrocytes or
microglia. Bars 5 20 lm.
Figure S4. Western blotting for AEBP1. (A) AEBP1-
immunoblotting with an antibody recognizing the C-terminus of
AEBP1 (ab54820) on human tissue lysates from a non-
demented control subject. Lane 1, aorta; lane 2, adrenal gland;
lane 3, hippocampus; lane 4, frontal cortex. Immunoblotting of
human aorta (lane 1) shows several bands, which may corre-
spond to the protein translated from the mRNA2 splice variant
(83 kDa), the full-length form (130 kD) and its glycosylated
form (170 kD). Each 83-kDa, 130-kDa and 170-kDa band is
indicated by arrowheads. Immunoblotting of adrenal gland tis-
sue (lane 2), shows a major band at 83 kDa, whereas the bands
corresponding to the full-length form are not evident. Immuno-
blotting of the hippocampus (lane 3) and frontal cortex (lane 4)
show major bands at 83 kDa and a band at 170 kDa. The other
bands are believed to be degradation products and non-specific
bands, such as serum immunoglobulin. (B) AEBP1-
immunoblotting of hippocampal lysates diluted in radioimmuno-
precipitation assay buffer from four AD and four non-AD
subjects from our previous study (9). Immunoblotting with an
antibody recognizing the C-terminus of AEBP1 (ab54820)
shows that there are also weak bands around 83 kDa and 170
kDa. The entire protein blot of the samples indicated by aster-
isks is shown below. These bands around 83 kDa and 170 kDa
are also seen when immunoblotting with an antibody recogniz-
ing the N-terminus of AEBP1 (LS-C156122). M: MagicMarkTM

XP Western Protein Standard (ThermoFisher Scientific,
Waltham, MA, USA)
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