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Abstract
Objective In the present study, the ABCA1 was used as a label to capture specific exosomes, the level
of ABCA1-labeled exosomal microRNA-135a (miR-135a) was evaluated for the diagnosis of Alzheimer’s
disease (AD), especially in patients with early stages of AD.
Methods This is a preliminary research focused on the levels of ABCA1 in WBCs, RBCs, HT-22 cells, and
neuron cells. The diagnostic value of ABCA1-labeled exosomal miR-135a was examined using the CSF
and serum of APP/PS1 double transgenic mice, and 152 patients with SCD, 131 patients with MCI, 198
patients with DAT, and 30 control subjects.
Results The level of ABCA1 exosomes harvested from HT-22 cells and neuron culture medium was
significantly higher compared to that of RBCs and WBCs (P < 0.05). The levels of ABCA1-labeled
exosomal miR-135a increased in the CSF of MCI and DAT group compared to those of control group (P <
0.05), slightly increased (P > 0.05) in the serum of SCD patient group, and significantly increased in MCI
and DAT patient groups compared to those of the control group (P < 0.05).
Conclusion This study outlines a method to capture specific exosomes and detect them using
immunological methods, which is more efficient for early diagnosis of AD.
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INTRODUCTION

A

lzheimer’s disease (AD) is a primary cause
of dementia in senior people affecting
more than 35 million individuals globally.
Available treatments for AD are symptomatic in
nature and are only sufficient to temporarily
improve the quality of life of patients in the late
stages[1,2]. Before the terminal stage of the disease
named dementia of the Alzheimer type (DAT),
patients will experience the subjective cognitive
*
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decline (SCD) and mild cognitive impairment (MCI)
stages. Previous research evidence suggests that the
pathophysiological changes associated with AD begin
at least 10 to 25 years before dementia onset[3,4].
Unfortunately, most of the drugs against AD were
proven to have no effect for DAT. Thus, there is an
urgent need to identify early pathophysiological
changes and biomarkers for the diagnosis of AD in
the pre and early clinical stages such as MCI and
even SCD[1,5-7].
However, the real challenge faced in the
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detection of CSF tau protein and Aβ is that, for
patients with AD who have typical symptoms of
dementia, there is currently no effective treatment.
Patients and their families often do not accept
cerebrospinal fluid (CSF) extraction procedure for
early diagnosis and screening of AD. As for patients
themselves, it is also difficult for them to accept the
invasive CSF extraction procedure as an ideal test for
diagnosis[6,8]. Therefore, the screening of CSF tau
protein and Aβ among patients with AD is still rare in
China. With the continuous progress of AD
biomarker research, more scholars are looking for
non-invasive biomarkers for AD diagnosis, especially
for early diagnosis[7,8]. At present, research on the
feasibility of small molecule nucleic acids and
specific proteins as biomarkers in the diagnosis of AD
has emerged as a hot spot.
MicroRNAs (miRs) are a class of small (18–25
nucleotides), single-stranded non-coding RNAs
involved in the post-transcriptional regulation of
gene expression. In recent years, miRs have been
proven to play a suite of important roles in the
manifestation of diseases such as cancer,
cardiovascular system, diabetes, as well as central
nervous system. Furthermore, because of their
stability, altered miRs in tissues and organs could
cause the deregulation of miRs in the body fluids
such as CSF, serum, urine etc., via cell destruction or
secretion. Therefore, miRNAs are attractive targets
in the search for novel biomarkers[9-11].
In our previous study, we reported that miR-135a
is a regulator of beta-site amyloid beta A4 precursor
protein-cleavage enzyme 1 (BACE-1)[11]. miR-135a
was down-regulated in the hippocampal neurons but
was up-regulated in the exosomes from CSF and
plasma in the APP/PS1 double-transgenic mice[11,12].
These results indicate that the transport of miR-135a
from intracellular to extracellular by particular
exosomes was the reason why the intracellular miR135a level was low and the exosomal miR-135a level
was high. However, using specimens from patients
with AD, we found that exosomal miR-135a was only
elevated in the serum specimens of about 50% of
patients, which is very different from the
standardized mouse model experiment. Further
exosome protein profiling results showed that the
expression of CSF and serum exosomal membrane
protein ABCA1, an ATP-binding cassette subfamily A
1 exporter in patients with DAT was significantly
higher compared to the healthy control group,
suggesting the increase of exosomal miR-135a. Due
to the complex origin of CSF and peripheral blood
exosomes, such as exosome secretion of blood cells,
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high miR-135a exosomes may not be effectively
isolated and detected, contributing to false negative
results in the diagnosis of patients with AD. In the
present study, ABCA1 protein was used as a specific
label to capture specific exosomes, and the level of
ABCA1-labeled exosomal miR-135a was evaluated
for the diagnosis of AD, especially in patients with
early stages of AD.
METHODS
Study Population
This study has been approved by the ethics
committee of Xuanwu Hospital of Capital Medical
University, and written informed consents from all
subjects were obtained. Total subjects recruited
were: 165 for SCD, 143 for MCI, 202 for DAT, and 30
healthy controls (Table 1). Matching CSF and blood
specimens were collected from 19 patients with MCI,
13 patients with DAT and seven control subjects. All
diagnoses were conducted by the doctors at the
Neurology Department, Xuanwu Hospital of Capital
Medical University. None of the subjects was
diagnosed with any form of cancers. After a fasting
period of 10–12 h, specimens of venous blood were
collected into vacuum tubes, and the plasma and/or
serum was isolated within 1 h. The clotted whole
blood specimens were centrifuged at 3,000 ×g for
7 min to harvest serum; the EDTA-blood was
centrifuged at 1,200 ×g for 7 min to separate blood
cells[11,12]. CSF specimen was drawn within 2 h after
the blood collection, and yielded an average total
cell amount of approximately 7.5 × 106/L. The CSF
and serum specimens were stored in liquid nitrogen
until further analysis. To ensure cells are intact in
subsequent experiments, all specimens were freezethawed only once.
Blood Cells Separation and Culture
RBCs and WBCs of SCD, MCI, DAT, and control
groups were separated using blood separation
medium according to the manufacturer's protocol
(Solarbio, Beijing, China). The separated RBCs and
WBCs were washed with phosphate buffered saline
(PBS) pre-warmed at 37 ˚C for five times and
subsequently cultured in a serum-free RPMI 1640
medium (Invitrogen, Carlsbad, USA) at 1 × 107
concentrations for 30 min, 1, 2, 4, and 6 h. The total
miR-135a in the cells and culture medium as well as
the exosomal miR-135a in medium were detected,
respectively. All experiments were conducted in
triplicate.
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APP/PS1 Double-transgenic Mice
APP/PS1 double-transgenic mice of 3, 6, 9, and
12-month-old with a C57BL/6J genetic background
were purchased from the Institute of Laboratory
Animal Science, Chinese Academy of Medical
Sciences and Comparative Medical Center. All animal
handling protocols were approved by the ethics
committee of Xuanwu Hospital of Capital Medical
University. The matching non-transgenic mice were
used as wild type (WT) controls. CSF-like fluid was
collected as previously described[11]. Briefly, the mice
were sacrificed and their brains were removed and
placed in 35-mm dishes. The cranial cavity and
cerebral ventricles (lateral, third and fourth
ventricles) were rinsed with 500 μL PBS to harvest
CSF cells; the washing solution resembled CSF-like
fluid. Exosomes were isolated using the method
described below and resuspended in 200 μL PBS; 100
μL exosomes from the 3, 6, 9, and 12-month-old
APP/PS1 double-transgenic and WT mice as well as a
PBS control were injected into the third ventricle of
WT mice separately, using a brain solid positioner
(Stoelting, Illinois, USA). After 1, 2, 4, and 6 h, the
blood specimens were collected from the removed
eyeballs and centrifuged at 3,000 ×g for 7 min to
immediately harvest the serum after blood
coagulation. CSF specimens were also harvested. All
the serum and CSF specimens were used for
exosome extraction and detection. Each group had a
sample size of five.
Cell Culture and Detection
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 . Sixteenth-day pregnant
WT and transgenic mice were sacrificed by CO2
inhalation, and the fetal primary mouse hippocampal
neurons were isolated as previously described[11,13].
Isolated cells were seeded in 6-well plates coated
with 10 mg/mL poly-D-lysine (Sigma, St. Louis, USA)
in NEUROBASAL™ media (Invitrogen) enriched with
2% B27 supplement (Invitrogen), 2 mmol/L
glutamine (Invitrogen), 1 mmol/L sodium pyruvate
(Invitrogen), 5 mg/mL insulin (Sigma), and 40 mg/mL
of gentamicin (Invitrogen) at 37 ˚C with 5%
CO2[11-14]. Cells were cultured for 36 h prior to the
detection of ABCA1 protein; the cell culture medium
was also collected for the capture of ABCA1 proteinlabeled exosomes and detection of free ABCA1
protein. Each group had a sample size of five.
Isolation of Exosomes
The exosomes were isolated using the Total
Exosome Isolation kit (Invitrogen) according to the
manufacturer's instructions[12]. Briefly, the serum,
plasma, CSF or medium were centrifuged at 2,000 ×g
for 30 min to remove cells and debris. Subsequently,
400 μL of each fractionated specimen was
transferred into a new tube and topped up with 0.4
volumes of the Total Exosome Isolation reagent. The
serum/reagent solution was mixed gently and then
incubated at 4 ˚C for 30 min. After incubation,
specimens were centrifuged at 10,000 ×g for 10 min
at 25 ˚C. The supernatant was discarded, and the
pellet containing the exosomes was re-suspended in
200 μL PBS.

Table 1. Demographics and clinical characteristics of subjects
Variable

Control (serum) Control (CSF) SCD (serum) MCI (serum)

No. of subjects

30

Age (years)

76.5 ± 6.1

Gender (% males)

50.0

Creatinine (mg/dL)

0.85 ± 0.14

Homocysteine (μmol/L)
2

Body Mass Index (BMI, kg/m )
Heart rate (per min)

7
69.4 ± 3.3
57.1

165
75.7 ± 4.9
54.5

0.77 ± 0.18 0.78 ± 0.20

MCI (CSF)

DAT (serum)

DAT (CSF)

143

19

202

13

75.2 ± 8.0

68.2 ± 5.1

78.1 ± 7.2

72.1 ± 4.3

55.9

57.9

55.0

53.8

0.76 ± 0.35

0.73 ± 0.33

0.81 ± 0.27

0.83 ± 0.15

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

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

76.3 ± 7.5

73.5 ± 11.4

71.7 ± 7.2

75.6 ± 10.5

76.2 ± 9.7

75.3 ± 8.3

75.7 ± 5.4

Systolic blood pressure (mmHg)

122.0 ± 11.3

128.5 ± 7.9

Diastolic blood pressure (mmHg)

78.9 ± 12.2

81.5 ± 9.1

121 ± 13.8 125.2 ± 16.9 122.7 ± 11.3 132.0 ± 16.2 127.0 ± 12.0
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

Statins treatment (%)

16.7

23.5

15.2

15.4

15.8

20.8

30.8
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RNA Purification and miR Analysis

Enzyme-linked Immunosorbent Assay

Total RNA in a 100 μL of specimen was purified
using a spin column method with the miRNeasy
Serum/Plasma Kit (QIAGEN, Hilden, Germany)
according to the manufacturer's protocol[11,12].
Total RNA yields were ≥ 20 and ≥ 50 ng/mL in CSF
and plasma, respectively, as assessed by using the
Quant-iT RiboGreen RNA reagent (Invitrogen).
Total RNA in blood cells was extracted using a spin
column method with miRNeasy Kit (QIAGEN). MiRs
were reversed into cDNAs by using miScriptII RTKit
(QIAGEN) in a fixed volume of 10 μL reaction
system, and were further amplified by using
TaqMan qPCR (QIAGEN) according to the
manufacturer's protocol. The 10 μL PCR assay
comprised 1 μL cDNA, 300 nmol/L TaqMan probe,
300 nmol/L sense primer, and 300 nmol/L antisense primer. Cycling parameters were set at:
95 °C for 10 min, followed by 40 cycles of 95 °C for
15 s and 60 °C for 1 min (Roche Light Cycler 480).
For body fluid samples, miRNeasy Serum/Plasma
Spike-In Control (C. elegans miR-39 miR mimic,
QIAGEN) was used as control; for cell specimens,
U6 snRNA (RNU6B, QIAGEN) was used as
endogenous control. The relative levels of miRs
were calculated by using the 2−ΔΔCt method[15].

A commercially available ELISA coated plate (BIOSWAMP, Wuhan, China) was used for ABCA1-labeled
exosome capture: 100 μL of exosomal PBS solution
was added to the reaction wells, and after 30
minutes incubation at 37 °C, the plate was washed
three times with PBS and drained; then, the RNA
extraction reagent of miRNeasy Serum/Plasma Kit
(QIAGEN) was added to the wells, according to the
manufacturer’s instructions[16,17]. The ABCA1 (BIOSWAMP) and CD9 (EXOAB-CD9A-1, System
Biosciences) ELISA tests were performed in strict
accordance to the manufacturer’s instructions.

Western Blotting
Protein was collected through lysis using a
radioimmunoprecipitation assay (RIPA) buffer
supplemented with 1:100 protease inhibitor
(QIAGEN) and phosphatase inhibitor cocktail I & II
(Sigma). Protein was quantified using a
Bicinchoninic Acid Protein assay kit (Invitrogen).
And samples were separated using SDSpolyacrylamide gel electro-phoresis prior to
western blotting analysis. The separated proteins
were transferred onto a PVDF membrane (Bio-Rad,
Hercules, CA, USA). After blocking the membrane
with 5% skimmed milk, the blots were incubated
overnight at 4 °C with the appropriate primary
antibody: 1:1,000 diluted monoclonal ABCA1
antibody (Invitrogen) and 1:1,000 diluted anti-β
actin (System Biosciences, Ely, UK). Subsequently,
after washing, the blots were incubated with the
HRP-conjugated secondary antibody (Invitrogen) at
room temperature for 1 h. After washing,
immunoreactive bands were visualized using an
Immobilon Western HRP (Millipore; USA) and
detected with FluorChem HD2 (proteinsimple;
USA)[11,12]. The β actin served as an internal
reference, and each group had a sample size of three.

Statistical Analyses
Statistical analyses and receiver working curve
(ROC) analysis were performed using SPSS 18.0 for
Windows (SPSS, Inc., Chicago, IL, USA). Since data
collected were normally distributed, results are
expressed as means ± standard deviations. The
differences between groups were assessed using
one-way ANOVA. Differences across groups were
compared using the Chi-square test. Correlations
were determined by computing the Spearman rank
correlation coefficient. P < 0.05 was considered to
indicate a statistically significant difference.
RESULTS
Exosomal miR-135a Detection in RBCs, WBCs, and
Culture Medium
There was no changes observed in total miR135a in RBCs after 6 h culture (P > 0.05); total miR135a in WBCs significantly decreased after 1 h
culture in all groups (P < 0.05). Total miR-135a in the
RBC medium significantly increased after 0.5 h
culture (P < 0.05) and subsequently plateaued for all
groups (P > 0.05); the exosomal miR-135a did not
change at all time points for all groups (P > 0.05).
Total miR-135a and exosomal miR-135a in the WBC
medium significantly increased after 0.5 h culture
(P < 0.05) and continued to increase up to 2 h in all
groups (P < 0.05) (Figure 1). The average relative
miR-135a level, miR-135a secretion ratio, and miR135a secretion ratio of WBCs were higher compared
to RBCs (P < 0.05, Table 2).
ABCA1 and ABCA1-labeled Exosome Detection in
Cells
ABCA1 was expressed in RBC, WBC, HT-22 cells,
and neurons, with the highest expression detected
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in neurons (P < 0.05). The ABCA1 levels of
exosomes harvested from HT-22 cells and neurons
culture medium was significantly higher compared
to those of RBCs and WBCs (P < 0.05), with the
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highest expression in the neurons (P < 0.05).
Results of ELISA and western blot revealed a
consistent trend and positive correlation (r =
0.833, P < 0.05) (Figure 2).
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Figure 1. Exosomal miR-135a detection in RBC, WBC, and culture medium. Relative miR-135a levels in
cultured RBCs (A) and WBCs (B) at different times. Relative miR-135a levels in the culture medium of
RBCs (C) and WBCs (D) at different times. Relative exosomal miR-135a levels in the culture medium of
RBCs (E) and WBCs (F) at different times. Experiments were performed in triplicate (n = 3) for all groups.

Table 2. Exosomal miR-135a secretion ratio of cultured RBCs and WBCs
Cell type
RBC
WBC

Total relative miR-135a level
0.107

Total miR-135a secretion ratio （%）
0.5 h
6.95

0.411

*

25.77

*

Exosomal miR-135a secretion ratio （%）

4h

0.5 h

4h

7.29

0.00

0.01

26.57

*

*

11.13

Note. *There were significant differences compared with RBC group (P < 0.05), n = 12.

18.55*
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Serum and CSF Exosomal ABCA1 Levels in the Mice

Serum and CSF Exosomal ABCA1 Levels in Patients

Two hours after APP/PS1-mice-exosome injection,
exosomal ABCA1 levels in the serum of WT mice
were significantly higher compared to the CSF
(P < 0.05), with the highest expression detected in the
12 m-APP/PS1 mice group (Figure 3).

Exosomal
ABCA1
expressions
increased
remarkably in the CSF and serum of MCI and DAT
patient groups compared to the control group (P <
0.05). Slight increase of ABCA1 was observed in the
serum of patients with SCD compared to the control
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diﬀerent cells (Western blot)

A

0.6

0.2

P < 0.05
P > 0.05

0.5

RBC

WBC

Cells

HT-22

1.0

P < 0.05

1.0
P < 0.05
0.5
P > 0.05
RBC

WBC
HT-22
Cell medium

Neuron

RBC

WBC

Cells

HT-22

Neuron

0.5

0

Neuron
F

1.5

0

ELISA results

1.0

0

1.5

P < 0.05

P > 0.05

0.4

D

0.2

0.4
0.6
Western blot results

0.8

1.0

2.0
Extracellular

Intracellular and extracellular
distribution of ABCA1

ABCA1 expressions in
diﬀerent cells (ELISA) (OD ratio)
Exosomal ABCA1 expressions in
diﬀerent cells medium (OD ratio)

E

1.5

P < 0.05

0.8

0

C

P < 0.05

1.0

1.5

Intracellular

1.0

0.5

0

RBC

WBC

Cells

HT-22

Neuron

Figure 2. ABCA1 and ABCA1-labeled exosome detection in different cells. The Western blot (A, B) and
ELISA (C) results of ABCA1 expressions in different cells, and the correlation between the results of
western blot and ELISA (D) of the ABCA1 expressions in different cells. The ELISA results of exosomal
ABCA1 levels in medium of different cells (E) and the ratio of intracellular ABCA1 and exosomal ABCA1 (F).
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group (P > 0.05) (Figure 4).
ABCA1-labeled Exosomal miR-135a Detection in
Serum and CSF of Mice
The ABCA1-labeled exosomal miR-135a levels
increased in the CSF of 6, 9 and 12 m-APP/PS1 mice
compared to WT mice, with the highest expression
shown in the 12 m-APP/PS1 mice (P < 0.05). The
injected by WT mouse exosome
injected by exosome from 3 m transgenic mouse
injected by exosome from 6 m transgenic mouse
injected by exosome from 9 m transgenic mouse
injected by exosome from 12 m transgenic mouse
injected by PBS
Relative exosomal ABCA1
levels in serum (OD ratio)

0.5

P < 0.05

0.4
0.3
0.2
0.1

0

1

2
Time (h)

4

6

Figure 3. Levels of exosomal ABCA1 in the
serum of control (wild-type) mice at different
times after injection of exosomes from
different transgenic mice CSF. The 12-month
injection group had significantly higher levels
of exosomal ABCA1 compared to that of PBS
group, control group and 3-month group, at 2
h after the injection. There was significant
difference between the experimental groups
and control group.

P < 0.05

1.5

1.0

P < 0.05

0.5

0

Control

MCI
Groups

ABCA1-labeled exosomal miR-135a levels
increased in the CSF of MCI and DAT patient groups
compared to the control group, with the highest
expression was detected in patients with DAT (P <
0.05). ABCA1-labeled exosomal miR-135a levels were
slightly increased (P > 0.05) in the serum of SCD
patient group and significantly increased (P < 0.05) in
MCI and DAT patient groups compared to the
control group, with the highest expression shown in
patients with DAT (P < 0.05) (Figure 6). The exosomal
ABCA1 expression was positively correlated to
exosomal miR-135a level in the serum (r = 0.459, P <
0.05) and CSF (r = 0.627, P < 0.05, n = 22), as shown
in Figure 6.
DISCUSSION
AD is the fourth leading cause of death in the
elderly population after cardiovascular disease,
cerebrovascular disease, and cancers. As the
population aging trend becomes increasingly
apparent, the prevalence of AD in China also
increases by the year, and the pathogenesis of AD
has not been fully elucidated. There is currently no
P < 0.05

B
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2.0

ABCA1-labeled Exosomal miR-135a Detection in
Serum and CSF of Patients

CSF exosomal ABCA1 levels (OD ratio)

CSF exosomal ABCA1 levels (OD ratio)

A

ABCA1-labeled exosomal miR-135a levels increased
in the serums of 9 and 12 m-APP/PS1 mice
compared to WT mice, with the highest expression
shown in the 12 m-APP/PS1 mice (P < 0.05). The
exosomal ABCA1 expression was positively
correlated to exosomal miR-135a in the serum
(r = 0.521, P < 0.05, n = 20) and CSF (r = 0.688, P <
0.05, n = 20), as shown in Figure 5.
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Figure 4. Serum and CSF exosomal ABCA1 levels in patients. The exosomal ABCA1 expressions in the CSF
(A) and the serum (B) of different patients and control.
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effective treatment for patients with late DAT[1-5].
Therefore, for the treatment of AD, it is particularly
important to detect patients with MCI and SCD as
early as possible for effective intervention of AD[18].
Most diagnostic markers for early disease detection
are directly or indirectly linked to the occurrence and
development of related diseases, including AD,
which have received widespread attention
globally[19]. This is a preliminary study focused on the
traditional method commonly used to detect the
excessive false negative results for exosomes miR135a for the diagnosis of AD. Correspondingly, the
level of exosomes captured using ABCA1 labeling
and its miR-135a detection is of significant value for
the early diagnosis of AD.
There is still no direct evidence showing that
miRNAs can move freely across the blood brain
barrier (BBB). However, some miRNAs can be
selectively packaged into exosomes and actively
A
1.5
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secreted, as indicated by the microvesicle-mediated
secretion pathway in the BBB[11,20]. However, there
are many sources of exosomes in the human body,
and this study demonstrated that WBCs can produce
exosomes containing miR-135a, though in a
relatively low content; indicting the possibility that
these exosomes could be responsible for the false
negative results for the total exosomal miR-135a
detection in some patients with AD. This finding also
serves to remind medical laboratory staff that
exosomes should be separated in a timely manner
within half an hour after blood collection to
minimize the interference caused by exosomes
produced by blood cells. Similar to other highthroughput studies[21], this study did not find that red
blood cells can secrete exosomes containing miR135a in large quantities.
The BBB restricts the movement nucleic acid
molecules. The parallel change in the miR-135a
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ABCA1-labeled exosome in AD
levels in serum and CSF remains a mystery. Many
reports have suggested that exosomes can act as
carriers of information transmission and paracrine
signaling between cells[7,18]. In this study, high level
of miR-135a exosomes extracted from the CSF of AD
model mice were injected into the ventricles of WT
mice to investigate whether the injected miR-135a
exosomes could transmit the 'high miR-135a
biological signals' across the BBB to peripheral blood
and detected accurately. Results show that high miR135a exosomes injected into the ventricle can
increase the miR-135a in CSF and serum exosomes in
wild-type mice, suggesting that exosomes can cross
the BBB, and that high miR-135a, as a biological
message is transmitted to the peripheral blood.
However, whether this signal can exert further
biological effects and what kind of biological role
remains to be investigated.
In recent years, a variety of specific exosome
capture techniques have been developed, such as
the microfluidic chip technology and the
immunocapture assay[16,17]. The core principle of
immunocapture method is based on the sizes of
exosomes, which ranges from 30−200 nm, and those
of virus-like particles and viruses which are within
300 nm; thus, all could be captured by using specific
antibodies[22]. This method could miss some
exosomes with relatively low expression of ABCA1
on the membrane surface, but the specificity of
capture is almost guaranteed. The results obtained
from this study confirm the feasibility of this
method. ABCA1 is a membrane protein that
mediates the cellular efflux of phospholipids and
cholesterol
to
the
extracellular
acceptor
apolipoprotein A-I for the generation of nascent
high-density lipoprotein[23]. Previous studies have
shown that lipid and protein transports can be
accompanied by an miR transport in the exosomes,
hence, ABCA1 could also actively or passively
transport related miRs during lipid transport[24,25].
The ELISA detection method is highly rapid and
sensitive. Results of this study also show that in the
detection of ABCA1 protein, the results of ELISA and
western blot have good consistency. However, for
large-scale clinical specimen detection, ELISA should
be used instead of western blot.
This study demonstrated that all RBCs, WBCs,
HT-22 cells, and cultured primary neuron cells
express ABCA1 protein. The release of exosomes
containing high ABCA1 protein in the peripheral
blood suggests that ABCA1-labeled exosomes can
evade the interference of low miR-135a exosomes
produced by RBCs and WBCs, thereby increasing the
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positive rate of AD diagnosis. Clinical research results
show that the sensitivity of miR-135a in the
diagnosis of AD has been greatly improved after the
detection of specific exosomes using the ABCA1labeled exosome capture technology. In previous
studies, specific higher cut-off values were used to
better distinguish patients with different AD stages,
but there was also a problem of high false negative
rate. Although the detection process is more
complicated than the direct extraction of total
exosomes, the ABCA1-labeled exosome capture
method does not consume too much extra labor in
laboratories equipped with automated ELISA sample
loading and plate washer instruments.
In summary, this study outlines a method to
capture specific exosomes and detect them using
immunological methods, which is more efficient for
the early diagnosis of AD. The limitation of this study
is that it is still not possible to determine that
ABCA1-labeled exosomes are brain tissue-specific
secretions. Using more specific exosomal surface
markers for the differentiation and identification of
exosomes will enable effective and accurate clinical
diagnosis for patients with AD.
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