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Objective. We aimed to establish a method to determine whether microRNA-193b (miR-193b) levels in ABCA1-labeled serum
exosomes might serve as a marker for the diagnosis of Alzheimer’s disease. Methods. We used immunocapture methods to
determine the levels of ABCA1-labeled exosomal miR-193b in cultures of white blood cells (WBCs), red blood cells (RBCs),
mouse hippocampal neuron HT-22 cells, and primary mouse neuronal cells. ABCA1-labeled exosomal miR-193b levels were
also evaluated in the cerebrospinal fluid (CSF) and serum of APP/PS1 double-transgenic mice, as well as control subjects (n = 60
) and study participants with subjective cognitive decline (SCD, n = 89), stage and mild cognitive impairment (MCI, n = 92), and
dementia of the Alzheimer type (DAT, n = 92). Results. ABCA1 levels of exosomes harvested from the medium of HT-22 cells
and neurons were significantly higher than those of RBCs and WBCs (P < 0:05). Exosomal ABCA1 from the CSF of APP/PS1
mice were transmitted to the serum of wild-type mice after injection, and high miR-193b levels were observed in both the serum
and CSF after injection. The ABCA1-labeled exosomal miR-193b levels were higher in the CSF of MCI and DAT patients
compared with the CSF of the control group (P < 0:05). The ABCA1-labeled exosomal miR-193b were also slightly higher
(P > 0:05) in the serum of SCD patients and significantly higher in the serum of MCI and DAT patients compared with the
serum of the control group (P < 0:05). Conclusion. This study provides a method to capture specific exosomes. Detection of
serum exosomes labeled with ABCA1 may facilitate the early diagnosis of AD.

1. Introduction

Alzheimer’s disease (AD) is a degenerative neurological dis-
order with progressive neuronal cell damage and apoptosis
as the main cytological manifestations. The clinical manifes-
tations include obstacles in progressive memory and lan-
guage and cognitive dysfunction. With the acceleration of
population aging, the absolute value of the number of AD
patients has increased. The number of AD patients in China
now exceeds 8 million, and the prevalence rate for people
over 65 years old is 4-6% [1, 2]. Previous research suggests
that pathophysiological changes associated with AD begin
at least 10 to 25 years before dementia onset [3, 4]. The devel-
opment of AD can be generally divided into subjective cogni-
tive decline (SCD), mild cognitive impairment (MCI), and
dementia of Alzheimer’s type (DAT), the latter being the ter-
minal stage. It has been confirmed that the brain of DAT
patients has already suffered irreversible damage and that

there is no effective treatment, so it is particularly important
to detect and treat AD in the SCD andMCI phases, where the
damage is relatively reversible and effective medical interven-
tion is possible [1, 5–7].

Cerebrospinal fluid (CSF) tau protein and Aβ have been
identified as biomarkers of AD; however, patients and their
families often do not agree to CSF extraction for early diag-
nosis and screening of AD because of its invasive nature [6,
8]. Furthermore, the reality is that for patients with AD
who have typical symptoms of DAT, there is currently no
effective treatment. Therefore, the detection of CSF tau
protein and Aβ is rare. With the continuous progress of
AD biomarker research, the identification of noninvasive
biomarkers for AD diagnosis is an emerging focus, especially
for those with potential for early diagnosis [7, 8]. At present,
research is centered on the value of small molecule nucleic
acids and specific proteins in the diagnosis of AD; however,
results have had little impact on AD diagnosis thus far, and
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more work is needed to develop noninvasive approaches to
early diagnosis.

MicroRNAs (miRs) are a class of small (18-25 nucleo-
tides), single-stranded noncoding RNAs involved in the post-
transcriptional regulation of gene expression. In recent years,
miRs have been shown to play important roles in several dis-
eases, such as cancer, cardiovascular disease, and diabetes, as
well as central nervous system diseases. Because of their sta-
ble character, altered miRs in tissues and organs may lead to
the deregulation of miRs in body fluids such as cerebrospinal
fluid (CSF), serum, and urine, either by cell destruction or
secretion. Therefore, miRs are attractive targets in the search
of novel biomarkers [9–11].

In a previous study, we reported that miR-193b downre-
gulates amyloid precursor protein (APP) [11]. miR-193b is
downregulated in hippocampal neurons of APP/PS1 trans-
genic mice, but total exosomal miR-193b is upregulated
[11, 12]. This phenomenon suggests that a decrease of miR-
193b in neurons may be correlated with the rise of secretory
exosomal miR-193b. Further exosome protein profiling
results showed that the expression of the ATP-binding cas-
sette transporter A1 (ABCA1) in the CSF of AD patients is
significantly higher than that of controls, suggesting that
ABCA1 may be related to the increase of exosomal miR-
193b. Due to the complex origin of CSF and peripheral blood
exosomes, high-miR-193b exosomes may not be effectively
isolated and detected, leading to false negative results in
patients. To circumvent this issue, in the present study, we
used the ABCA1 protein as a label to capture specific exo-
somes. Using this strategy, we assessed the value of
ABCA1-labeled exosomal miR-193b in the diagnosis of AD,
with implications for the early diagnosis of AD.

2. Methods

2.1. Study Population. A total of 333 subjects were randomly
selected from the Xuanwu Hospital of Capital Medical Uni-
versity and the Beijing Xicheng District Guangwai Hospital
from May 2018 to December 2019, of which 89 subjects were
in the SCD group, 92 subjects were in the MCI group, and 92
subjects were in the DAT group. Another 30 randomly
selected healthy subjects were recruited as the control group
(Table 1). All patients or their legally authorized representa-
tives provided written informed consent prior to sample col-
lection. AD diagnoses were made by neurologists at Xuanwu
Hospital and Guangwai Hospital, according to relevant diag-
nostic guidelines [13]. Subjects were excluded if they had a
history of diseases of the nervous, endocrine, liver, kidney,
cardiovascular, or cerebrovascular systems, and no subjects
were recipients of lipid-lowering treatments. Venous blood
was drawn in the morning, 12 hours after fasting. To avoid
the influence of the exosomes released from blood cells, spec-
imens were only allowed to stand for 30 minutes after hem-
agglutination. Blood samples were centrifuged at 3,000 g for
7 minutes (4°C) to separate the serum; the EDTA blood
was centrifuged at 1,200 g for 7 minutes (4°C) to separate
blood cells [11, 12]. The CSF was drawn within 2 h after the
blood collection; the total cell amount of the CSF was less
than 7:5 × 106/l. Separated specimens were stored in liquid

nitrogen before testing and were only allowed to freeze and
thaw once. This study was reviewed and approved by the
ethics committee of the Xuanwu Hospital of Capital Medical
University and the Beijing Xicheng District Guangwai
Hospital.

2.2. Blood Cell Separation and Culture. The red blood cells
(RBCs) and white blood cells (WBCs) of SCD, MCI, DAT,
and control groups were separated in a blood separation
medium according to the manufacturer’s protocol (Solarbio,
Beijing, China). The separated RBCs andWBCs were washed
in 37°C prewarmed phosphate-buffered saline (PBS) 5 times
and then cultured in serum-free RPMI 1640 medium (Invi-
trogen, Carlsbad, USA) (1 × 107/l) for 30min, 1 h, 2 h, 4 h,
and 6h. The total miR-193b in the cells and medium as well
as the exosomal miR-193b in medium were detected. The
control, SCD, MCI, and DAT samples were run in triplicate.

2.3. APP/PS1 Double-Transgenic Mice. APP/PS1 double-
transgenic mice in a C57BL/6J genetic background were pur-
chased from the Institute of Laboratory Animal Science at the
Chinese Academy of Medical Sciences & Comparative Med-
ical Center. All animal protocols were approved by the ethics
committees of the Xuanwu Hospital of Capital Medical Uni-
versity and the Beijing Xicheng District Guangwai Hospital.
Matched nontransgenic mice were used as wild-type (WT)
controls. At 3, 6, 9, and 12 months of age, CSF-like fluid
was collected as previously described [11]. Briefly, the mice
were sacrificed, and their brains were removed into a
35mm dish. The cranial cavity and cerebral ventricles (lat-
eral, third, and fourth ventricles) were rinsed with 500μl
PBS, and CSF was harvested in PBS. The exosomes were then
isolated using the method described below and were resus-
pended in 200μl PBS. Exosomes from 3-, 6-, 9-, and 12-
month-old APP/PS1 double-transgenic mice and WT mice
as well as a PBS control (100μl; n = 5 per group) were sepa-
rately injected into the third ventricle of WT mice using a
brain solid positioner (Stoelting, Illinois, USA). After 1 h,
2 h, 4 h, and 6h, blood was taken from the eyeballs and was
centrifuged at 3,000 g for 7 minutes to harvest serum imme-
diately after blood coagulation. The CSF was also harvested at
the same times after injection. The serum and CSF were used
for exosome extraction and detection.

2.4. Cell Culture and Detection. The mouse hippocampal
neuron cell line HT-22 (Cell Bank of the Chinese Academy
of Sciences, Shanghai, China) was grown in antibiotic-free
DMEM (Invitrogen, Carlsbad, USA) supplemented with
10% exosome-free fetal bovine serum (Umibio, Shanghai,
China) at 37°C with 5% CO2. Sixteen-day pregnant WT
and transgenic mice were sacrificed by CO2 inhalation, and
then fetal primary mouse hippocampal neurons were isolated
as previously described [11]. The isolated cells were seeded in
6-well plates coated with 10mg/ml poly-D-lysine (Sigma, St.
Louis, USA) in Neurobasal™ Media (Invitrogen) supple-
mented with 2% B27 supplement (Invitrogen), 2mM gluta-
mine (Invitrogen), 1mM sodium pyruvate (Invitrogen),
5mg/ml insulin (Sigma), and 40mg/ml of gentamicin (Invi-
trogen) at 37°C with 5% CO2 [11–14]. The cells were cultured
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for 36 h for detection of ABCA1 protein, and the cell culture
medium was also collected in parallel for the capture of
ABCA1 protein-labeled exosomes and quantification of
ABCA1 protein (n = 5 per group).

2.5. Isolation of Exosomes. The exosomes were isolated using
the Total Exosome Isolation kit (Invitrogen) according to the
manufacturer’s instructions [12]. Briefly, serum, plasma,
CSF, or medium was centrifuged at 2,000 g for 30 minutes
to remove cells and debris. Next, 400μl of clarified sample
was transferred to a new tube, and 0.4 volumes of the Total
Exosome Isolation reagent was added. The serum/reagent
solution was mixed and then incubated at 4°C for 30 minutes.
The samples were centrifuged at 10,000 g for 10 minutes at
room temperature, and then the supernatant was discarded
and the pellet containing the exosomes was resuspended in
200μl PBS.

2.6. RNA Purification and miR Analysis. Total RNA in 100μl
was purified by a spin column method using the miRNeasy
Serum/Plasma Kit (QIAGEN, Hilden, Germany) according
to the manufacturer’s protocol [11, 12]. Total RNA yields
were ~20 ng/ml and ~50 ng/ml in CSF and plasma, respec-
tively, as assessed by the Quant-iT RiboGreen RNA reagent
(Invitrogen). Total RNA in blood cells was extracted by a
spin column method using the miRNeasy Kit (QIAGEN).
miRs were reverse transcribed into cDNA using the miScript
II RT Kit (QIAGEN) with 10μl reaction volume, followed by
the TaqMan qPCR (QIAGEN) according to the manufac-
turer’s protocol. Briefly, a 10μl PCR reaction contained 1μl
cDNA, 300nM TaqMan probe, 300 nM sense primer, and
300nM antisense primer. Cycling parameters were 95°C for
10min, followed by 40 cycles of 95°C for 15 s and 60°C for
1min (Roche Light Cycler 480). For body fluid samples, miR-
Neasy Serum/Plasma Spike-In Control (C. elegans miR-39
miR mimic, QIAGEN) served as the control; while for cell
samples, U6 snRNA (RNU6B, QIAGEN) served as the
endogenous control. The relative levels of miRs were calcu-
lated by the 2-ΔΔCt method [15].

2.7. Enzyme-Linked Immunosorbent Assay. Commercial
ELISA-coated plates (Bioswamp, Wuhan, China) were used
for ABCA1-labeled exosome capture. A total of 100μl of exo-
somal PBS solution was added to the reaction wells. After 30
minutes of incubation at 37°C, the plates were washed three
times with PBS and drained; then, the RNA extraction
reagent of the miRNeasy Serum/Plasma Kit (QIAGEN) was
added to the wells, according to the kit instructions [16,
17]. The ABCA1 (Bioswamp) and CD9 (EXOAB-CD9A-1,
System Biosciences) ELISA tests were performed in strict
accordance with the instructions of the kit.

2.8. Statistical Analyses. Statistical analyses were performed
using SPSS 18.0 for Windows (SPSS, Inc., Chicago, IL,
USA). For normally distributed data, results are expressed
as the mean ± standard deviation. The differences between
groups were assessed using the one-way ANOVA. Rates were
compared using the chi-square test. Correlations were deter-
mined by computing the Spearman Rank Correlation. P <
0:05 was considered to indicate a statistically significant
difference.

3. Results

3.1. miR-193b Is Detected in Human RBC/WBC and
RBC/WBCMedium, with Higher Levels inWBCs. To evaluate
the potential utility of miR-193b as a noninvasive biomarker
for AD in blood exosomes, we collected RBCs and WBCs
from control subjects and patients with SCD, MCI, or DAT
and analyzed the miR-193b distribution over a time course
of cell culture. In RBCs, the total miR-193b levels were simi-
lar for all samples and were unchanged after 6 h of culture
(P > 0:05) (Figure 1(a)); however, in WBCs, the total miR-
193b levels were significantly decreased after 0.5 h in all
groups (P < 0:05), with additional decrease at 1 h
(Figure 1(b)). In contrast, the total secreted miR-193b levels
in the RBC medium were significantly increased after 0.5 h
of culture (P < 0:05) and then were stable thereafter in all
groups (P > 0:05) (Figure 1(c)), while the total miR-193b
levels in the WBC medium were significantly increased after

Table 1: Demographics and clinical characteristics of subjects in this study.

Variable
Control
(serum)

Control
(CSF)

SCD
(serum)

MCI
(serum)

MCI
(CSF)

DAT
(serum)

DAT
(CSF)

No. of subjects 60 6 89 92 16 92 11

Age (years) 76:5 ± 6:1 69:4 ± 3:3 75:7 ± 4:9 75:2 ± 8:0 68:2 ± 5:1 78:1 ± 7:2 72:1 ± 4:3
Gender (% males) 50.0 57.1 54.5 55.9 57.9 55.0 53.8

Creatinine (mg/dl) 0:85 ± 0:14 0:77 ± 0:18 0:78 ± 0:20 0:76 ± 0:35 0:73 ± 0:33 0:81 ± 0:27 0:83 ± 0:15
Homocysteine (μmol/l) 8:5 ± 2:1 8:3 ± 1:7 8:5 ± 5:7 16:8 ± 5:1 18:2 ± 2:2 18:2 ± 5:3 21:2 ± 6:3
Body mass index (BMI, kg/m2) 25:5 ± 2:7 26:8 ± 3:5 26:3 ± 3:0 26:3 ± 2:8 26:2 ± 3:2 27:5 ± 4:1 25:2 ± 2:5
Heart rate (per min) 75:3 ± 8:3 75:7 ± 5:4 76:3 ± 7:5 73:5 ± 11:4 71:7 ± 7:2 75:6 ± 10:5 76:2 ± 9:7
Systolic blood pressure (mmHg) 122:0 ± 11:3 128:5 ± 7:9 121 ± 13:8 125:2 ± 16:9 122:7 ± 11:3 132:0 ± 16:2 127:0 ± 12:0
Diastolic blood pressure (mmHg) 78:9 ± 12:2 81:5 ± 9:1 83:2 ± 13:1 86:2 ± 15:9 87:2 ± 11:0 87:0 ± 15:9 83:5 ± 13:0
Hypertension treatment (%) 16.7 23.5 13.9 13.3 10.5 16.3 15.4

Statin treatment (%) 16.7 23.5 15.2 15.4 15.8 20.8 30.8
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Figure 1: Continued.
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0.5 h of culture (P < 0:05) and then continued to increase
slightly with peak levels at 2-4 h (Figure 1(d)). Notably, the
absolute extracellular levels of miR-193b in the medium were
much lower overall than the intracellular levels, especially for
the RBCs (Figure 1(c)). These results suggest that miR-193b
may reside in exosomes in WBCs.

To verify these findings, we directly evaluated the miR-
193b levels in exosomes for both RBCs and WBCs. The exo-
somal levels in RBCs were low (Figure 1(e)); however, the
exosomal miR-193b levels in WBCs showed a similar pattern
as those in the medium, with significant increase after 0.5 h of
culture (P < 0:05) (Figure 1(f)). Using these values at each
time point, we calculated the average relative miR-193b level
and miR-193b secretion ratio of RBCs and WBCs. The
results based on data from all groups suggest that miR-193b
is expressed in exosomes and that its overall expression is
higher in WBCs than in RBCs (P < 0:05) (Table 2).

3.2. ABCA1 and ABCA1-Labeled Exosomes Are Detected at
High Levels in Neurons. Given the differences between miR-
193b expression patterns in the intracellular and extracellular
environments, we sought to evaluate the expression of the
efflux mediator, ABCA1, in cultures of mouse cells. Our
results demonstrate that ABCA1 is expressed in human
RBCs, human WBCs, HT-22 mouse hippocampal neuron
cells, and primary mouse neurons, with the highest expres-
sion in neurons (P < 0:05) (Figure 2(a)). The ABCA1 levels
in exosomes harvested from HT-22 cells and the neuronal
medium were also significantly higher than those of RBCs
and WBCs (P < 0:05), with the highest exosomal ABCA1ex-
pression in the neuron group (P < 0:05) (Figure 2(b)). Fur-
thermore, for HT-22 cells and neurons, nearly half (~40-
50%) of the ABCA1 expression was detected in the extracel-

lular medium, whereas for RBCs and WBCs, the ABCA1
expression was almost all (~80-90%) intracellular. These
results suggest that HT-22 cells and primary neurons secrete
relatively high levels of ABCA1-expressing exosomes.

3.3. ABCA1-Expressing Exosomes in CSF from AD Model
APP1/PS1 Mice Can Be Evaluated In Vivo. To further evalu-
ate the association of ABCA1 exosomal expression with AD
in an in vivo system, we collected CFS fromWT or APP1/PS1
mice of different ages and injected the CFS exosomes into
wild-type mice. At 2 h after the injection, the exosomal
ABCA1 levels in the serum were significantly higher for mice
receiving APP/PS1-exosome injection than mice receiving
WT-exosome injection (P < 0:05); this effect was somewhat
age-dependent, with the highest expression in the 12m
APP/PS1-injection group (Figure 3, n = 10 mice per group).
These results suggest that ABCA1-expressing exosomes from
CFS can be evaluated in vivo.

3.4. ABCA1-Labeled Exosomal miR-193b Is Abundant in
Serum and CSF from AD Model Mice. Using the transgenic
mouse system, we evaluated the miR-193 expression in
ABCA1-expressing exosomes. The ABCA1-labeled exosomal
miR-193b levels were increased in the CSF of 6, 9, and 12m
APP/PS1 mice compared with WT mice, with the highest
expression in the 12m APP/PS1 mice (P < 0:05)
(Figure 4(a)). Furthermore, the ABCA1-labeled exosomal
miR-193b was also increased in the serum of 9 and 12m
APP/PS1 mice compared with WT mice, with the highest
expression in the 12m APP/PS1 mice (P < 0:05)
(Figure 4(b)). These results provide in vivo evidence that
miR-193b resides in ABCA1-labeled exosomes and suggests
that it may be of higher abundance in AD model mice.
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Figure 1: Total miR-193b and exosomal miR-193b detection in RBCs/WBCs and the medium of RBCs/WBCs. Relative miR-193b levels in
cultured RBCs (a) and WBCs (b) at different points in time. Relative miR-193b levels in the medium of RBCs (c) and WBCs (d) at different
points in time. Relative exosomal miR-193b levels in RBC (e) andWBC (f) culture medium at different points in time. There were 3 control, 3
SCD, 3 MCI, and 3 DAT samples for each time group.
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3.5. The Serum and CSF Exosomal ABCA1 Levels Are
Elevated in AD Patients. Given the predominate association
of miR-193b with ABCA1-labeled exosomes in the APP/PS1
mouse model, we evaluated ABCA1 expression patterns in

CSF and serum from AD patients. The exosomal ABCA1
expression was remarkably higher in both the CSF
(Figure 5(a)) and the serum (Figure 5(b)) of MCI and DAT
patients compared with the control group (P < 0:05). A slight
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Figure 2: The ABCA1 and ABCA1-labeled exosome expression in RBCs, WBCs, HT-22 cells, and neurons: (a) ELISA results of ABCA1
expression in different cells; (b) ELISA results of exosomal ABCA1 levels in the medium of different cells; (c) the ratio of intracellular
ABCA1 and extracellular ABCA1. For RBCs and WBCs, there were 3 control, 3 SCD, 3 MCI, and 3 DAT samples for each group; for HT-
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Table 2: The average miR-193b secretion ratio of cultured RBC and WBC.

Cell type
Total relative

miR-193b levels
Total miR-193b secretion ratio Exosomal miR-193b secretion ratio
0.5 h 4 h 0.5 h 4 h

RBC 0.107 6.95% 7.29% 0.00% 0.01%

WBC 0.411∗ (P = 0:003) 25.77%∗ (P = 0:000) 26.57%∗ (P = 0:000) 11.13%∗ (P = 0:000) 18.55%∗ (P = 0:000)
∗There were significant differences compared with the RBC group (P < 0:05), n = 12.
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increase of ABCA1 was also observed in the serum of SCD
patients compared with the control group (P > 0:05)
(Figure 5(b)). These results suggest that ABCA1-labeled exo-
somes may be more abundant in AD.

3.6. ABCA1-Labeled Exosomal miR-193b Levels Are Elevated
in the CSF and Serum of AD Patients. Given the higher levels
of ABCA1-labeled exosomes in AD patients, we postulated
that miR-193b-expressing ABCA1-labeled exosomes may
also be elevated in AD. Indeed, our results demonstrate that
the ABCA1-labeled exosomal miR-193b levels were
increased in the CSF of the MCI and DAT patients compared
with the control group, with the highest expression in DAT
patients (P < 0:05) (Figure 6(a)). Furthermore, ABCA1-
labeled exosomal miR-193b levels were slightly increased

(P > 0:05) in the serum of SCD patients and significantly
increased (P < 0:05) in the serum of MCI and DAT patients
compared with the control group, with the highest expres-
sion in DAT patients (P < 0:05) (Figure 6(b)). Collectively,
these results are consistent with a potential role for exosomal
miR-193b as a biomarker of AD.

4. Discussion

AD is the fourth leading cause of death in the elderly popula-
tion after cardiovascular disease, cerebrovascular disease, and
cancer. As the population-aging trend has become increas-
ingly apparent, AD has become more common in the elderly
population. One of the characteristics of the disease is that
the onset precedes the presentation. Neuronal cells may
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begin to show pathophysiological changes 10 to 20 years
before diagnosis. At the same time, there is no effective cura-
tive treatment for patients entering the DAT phase; after the
disease progresses, only symptomatic treatment is available
to improve the quality of life [17, 18]. For patients with
MCI, strategies have been developed to delay or prevent pro-
gression to the DAT phase by combining drugs with physical
therapy.

Most early markers for disease diagnosis are directly or
indirectly involved in the occurrence and development of
disease-related symptoms, and the identification of candidate
markers for early diagnosis of AD has been a priority in
research endeavors [19]. Therefore, in this study, we used tra-
ditional methods to assess the potential value of miR-193b
expression in the diagnosis of AD patients. Some miRs can
be selectively packaged into exosomes and actively secreted,
and the microvesicle-mediated secretion pathway is known
to cross the blood-brain barrier [11, 20]. Therefore, we paired
miR-193b detection with exosome capture using ABCA1
labeling. There are many sources of exosomes in the body,
and we determined that in addition to the exosomal miR-
193b production by neurons, WBCs can produce exosomes
containing miR-193b, though the number of exosomes con-
taining miR-193b in RBC cultures appears low, which is con-
sistent with the results of other researchers’ high-throughput
studies [21]. The low miR-193b content in exosomes from
WBCs could potentially cause false negative results in total
exosomal miR-193b detection in some AD patients. Thus,
in this study, we separated the exosomes in a timely manner
(within half an hour) after collection to minimize interfer-
ence caused by blood cell exosomes.

In recent years, a variety of specific exosome capture
techniques have been developed, such as microfluidic chip
technology and immune capture [16, 17]. The core principle
of the immune capture method is based on the size of the
exosomes (30-200 nm), which is comparable to the size of
virus-like particles and viruses (within 300nm) that can be
captured by antibodies [22]. ABCA1 is a membrane protein
that mediates the efflux of phospholipids and cholesterol to

the extracellular receptor apolipoprotein A-I to generate
new high-density lipoproteins [23]. Previous studies have
shown that lipid and protein transport can accompany the
transport of miRs in exosomes, so ABCA1 may also actively
or passively transport miR-193b and other miRs during lipid
transport [24, 25]. In this study, we demonstrated that
WBCs, RBCs, HT-22 cells, and primary cultured neuronal
cells each express ABCA1, but only HT-22 and primary neu-
ronal cells released exosomes with high ABCA1 expression,
which indicates that evaluation of ABCA1-labeled exosomes
may provide an approach to eliminate the interference of low
miR-193b exosomes released by WBC and RBC, thereby
increasing the specificity of AD diagnosis.

Previous studies have predicted that exosomes can be
used as carriers of information to facilitate paracrine trans-
mission between cells [7, 18]. However, the blood-brain bar-
rier is presumed to deter transmission of nucleic acids. In this
study, high miR-193b exosomes extracted from the CSF of
AD model mice were injected into the ventricles of WT mice
to observe whether the appearance of high miR-193b exo-
somes could be transmitted across the blood-brain barrier
to peripheral blood and be effectively detected. The results
show that high miR-193b exosomes injected into the ventri-
cle can increase the miR-193b in CSF and serum exosomes in
wild-type mice, thus providing additional evidence for the
passage of high miR-193b exosomes across the blood-brain
barrier. APP expression is often abnormally elevated in AD,
which is one of the reasons for the increased production of
Aβ [19]. In a previous study, we identified miR-193b as a
suppressor of APP [11]. miR-193b is downregulated in hip-
pocampal neurons of APP/PS1 transgenic mice, but total
exosomal miR-193b is upregulated [11, 12]. In the present
study, we found that when the overall miR-193b levels
decrease, the miR-193b under a certain component (the
ABCA1-labeled exosome) tends to increase. Thus, the
observed differences in miR-193b expression in AD may be
an effort made by the body to increase miR-193b to compen-
sate for APP loss. However, the precise biological roles of
miR-193b in AD and whether the signal transmitted through
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the APCA1-labeled exosome can further exert functional
effects remain to be further studied.

Importantly, our clinical research results show that
ABCA1 levels are higher in AD. Furthermore, the sensitivity
of miR-193b in AD diagnosis was greatly improved after the
use of ABCA1-labeled exosome capture technology to detect
specific exosomes. Though we have attempted to better dis-
tinguish total exosomal miR-193b levels in patients using a
higher cut-off value, it caused higher false negative rates.
Therefore, although the detection process is more compli-
cated than the direct extraction of total exosomes, the isola-
tion of ABCA1-labeled exosomes is essential for high
specificity AD diagnosis. In laboratories that use automatic
ELISA sample loading and plate washing machines, these
operations will not consume much extra labor and will
greatly improve diagnosis. Given that ABCA1-labeled exo-
somes were upregulated in SCD subjects, this approach
may be helpful for early diagnosis of AD, which is otherwise
difficult to diagnose.

In summary, this study provides a method to capture
ABCA1-labeled exosomes and determine the associated
miR-193b levels, which provides a more efficient approach
for early diagnosis of AD. The use of specific exosomal sur-
face markers for differentiation and identification will iden-
tify the source of exosomes more effectively and accurately
and ultimately improve the detection and diagnosis for clin-
ical AD patients.

Data Availability

The data used to support the findings of this study are avail-
able from the first author or corresponding author upon
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (No. 81401734), the National Key
Research and Development Program of China
(2016YFC1306300), and the National Natural Science Foun-
dation of China (No. 81472007). We would like to thank
Yang Zhi, Yong Cheng, Li-chun Zhang, Yu Liu, and Hong-
yan Wang for excellent assistance with gathering the patient
samples and related information.

References

[1] M. Cortes-Canteli and C. Iadecola, “Alzheimer's disease and
vascular aging: JACC focus seminar,” Journal of the American
College of Cardiology, vol. 75, no. 8, pp. 942–951, 2020.

[2] R. J. Brent and Department of Economics, Fordham Univer-
sity, Bronx, New York, USA, “Behavioral versus biological def-
initions of dementia symptoms: recognizing that worthwhile
interventions already exist,” OBM Geriat, vol. 3, no. 4, p. 1,
2019.

[3] L. Clare, A. Kudlicka, J. R. Oyebode et al., “Goal-oriented cog-
nitive rehabilitation for early-stage Alzheimer's and related
dementias: the GREAT RCT,” Health Technology Assessment,
vol. 23, no. 10, pp. 1–242, 2019.

[4] R. das Nair, L. E. Bradshaw, H. Carpenter et al., “A group
memory rehabilitation programme for people with traumatic
brain injuries: the ReMemBrIn RCT,” Health Technology
Assessment, vol. 23, no. 16, pp. 1–194, 2019.

[5] S. Zhang, S. Y. Huang, X. B. An, L. Zeng, and J. Ai, “Medical
histories of control subjects influence the biomarker potential
of plasma Aβ in Alzheimer's disease: a meta-analysis,” Journal
of Molecular Neuroscience, vol. 70, no. 6, pp. 861–870, 2020.

[6] V. Mantzavinos and A. Alexiou, “Biomarkers for Alzheimer's
disease diagnosis,” Current Alzheimer Research, vol. 14,
no. 11, 2017.

[7] J. Karlawish, C. R. Jack Jr., W. A. Rocca, H. M. Snyder, and
M. C. Carrillo, “Alzheimer's disease: the next frontier–special
report 2017,” Alzheimers Dement, vol. 13, no. 4, pp. 374–380,
2017.

[8] A. Atri, “The Alzheimer's disease clinical spectrum: diagnosis
and management,” The Medical Clinics of North America,
vol. 103, no. 2, pp. 263–293, 2019.

[9] R. Dehghani, F. Rahmani, and N. Rezaei, “MicroRNA in Alz-
heimer's disease revisited: implications for major neuropatho-
logical mechanisms,” Reviews in the Neurosciences, vol. 29,
no. 2, pp. 161–182, 2018.

[10] M. Putteeraj, Y. M. Fairuz, and S. L. Teoh, “MicroRNA dysreg-
ulation in Alzheimer's disease,” CNS & Neurological Disorders
Drug Targets, vol. 16, no. 9, pp. 1000–1009, 2017.

[11] C. G. Liu, J. L. Wang, L. Li, L. X. Xue, Y. Q. Zhang, and P. C.
Wang, “MicroRNA-135a and -200b, potential biomarkers for
Alzheimer׳s disease, regulate β secretase and amyloid precur-
sor protein,” Brain Research, vol. 1583, pp. 55–64, 2014.

[12] T. T. Yang, C. G. Liu, S. Gao, Y. Zhang, and P. C. Wang, “The
serum exosome derived microRNA-135a, -193b, and -384
were potential Alzheimer's disease biomarkers,” Biomedical
and Environmental Sciences, vol. 31, no. 2, pp. 87–96, 2018.

[13] G. M. McKhann, D. S. Knopman, H. Chertkow et al., “The
diagnosis of dementia due to Alzheimer’s disease: recommen-
dations from the National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for Alzhei-
mer’s disease,” Alzheimer's & Dementia, vol. 7, no. 3,
pp. 263–269, 2011.

[14] R. Wingate and M. Kwint, “Imagining the brain cell: the neu-
ron in visual culture,” Nature Reviews. Neuroscience, vol. 7,
no. 9, pp. 745–752, 2006.

[15] K. J. Livak and T. D. Schmittgen, “Analysis of relative gene
expression data using real-time quantitative PCR and the
2−ΔΔCT method,” Methods, vol. 25, no. 4, pp. 402–408, 2001.

[16] D. W. Greening, R. Xu, H. Ji, B. J. Tauro, and R. J. Simpson, “A
protocol for exosome isolation and characterization: evalua-
tion of ultracentrifugation, density-gradient separation, and
immunoaffinity capture methods,”Methods in Molecular Biol-
ogy, vol. 1295, pp. 179–209, 2015.

[17] W. Chen, M. Yang, J. Bai et al., “Exosome-modified tissue
engineered blood vessel for endothelial progenitor cell capture
and targeted siRNA delivery,” Macromolecular Bioscience,
vol. 18, no. 2, 2018.

[18] G. B. Frisoni, M. Boccardi, F. Barkhof et al., “Strategic road-
map for an early diagnosis of Alzheimer's disease based on bio-
markers,” Lancet Neurology, vol. 16, no. 8, pp. 661–676, 2017.

9BioMed Research International



[19] K. Blennow and H. Zetterberg, “The past and the future of Alz-
heimer's disease fluid biomarkers,” Journal of Alzheimer's Dis-
ease, vol. 62, no. 3, pp. 1125–1140, 2018.

[20] N. J. Abbott, A. A. K. Patabendige, D. E. M. Dolman, S. R.
Yusof, and D. J. Begley, “Structure and function of the blood-
brain barrier,” Neurobiology of Disease, vol. 37, no. 1, pp. 13–
25, 2010.

[21] H. Huang, J. Zhu, L. Fan et al., “MicroRNA profiling of exo-
somes derived from red blood cell units: implications in
transfusion-related immunomodulation,” BioMed Research
International, vol. 2019, Article ID 2045915, 2019.

[22] G. Theillet, J. Martinez, C. Steinbrugger et al., “Comparative
study of chikungunya virus-like particles and pseudotyped-
particles used for serological detection of specific immuno-
globulin M,” Virology, vol. 529, pp. 195–204, 2019.

[23] H. Qian, X. Zhao, P. Cao, J. Lei, N. Yan, and X. Gong, “Struc-
ture of the human lipid exporter ABCA1,” Cell, vol. 169, no. 7,
pp. 1228–1239.e10, 2017.

[24] H. Deng, C. Sun, Y. Sun et al., “Lipid, protein, and microRNA
composition within mesenchymal stem cell-derived exo-
somes,” Cellular Reprogramming, vol. 20, no. 3, pp. 178–186,
2018.

[25] W. S. Toh, R. C. Lai, B. Zhang, and S. K. Lim, “MSC exosome
works through a protein-based mechanism of action,” Bio-
chemical Society Transactions, vol. 46, no. 4, pp. 843–853,
2018.

10 BioMed Research International


	ABCA1-Labeled Exosomes in Serum Contain Higher MicroRNA-193b Levels in Alzheimer’s Disease
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Blood Cell Separation and Culture
	2.3. APP/PS1 Double-Transgenic Mice
	2.4. Cell Culture and Detection
	2.5. Isolation of Exosomes
	2.6. RNA Purification and miR Analysis
	2.7. Enzyme-Linked Immunosorbent Assay
	2.8. Statistical Analyses

	3. Results
	3.1. miR-193b Is Detected in Human RBC/WBC and RBC/WBC Medium, with Higher Levels in WBCs
	3.2. ABCA1 and ABCA1-Labeled Exosomes Are Detected at High Levels in Neurons
	3.3. ABCA1-Expressing Exosomes in CSF from AD Model APP1/PS1 Mice Can Be Evaluated In Vivo
	3.4. ABCA1-Labeled Exosomal miR-193b Is Abundant in Serum and CSF from AD Model Mice
	3.5. The Serum and CSF Exosomal ABCA1 Levels Are Elevated in AD Patients
	3.6. ABCA1-Labeled Exosomal miR-193b Levels Are Elevated in the CSF and Serum of AD Patients

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

