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ARTICLE INFO ABSTRACT

Keywords: Aim: Alzheimer's disease (AD) is a slowly progressing neurodegenerative disorder that attributed to the increase
Alzheimer's disease of amyloid precursor protein (APP). Recently, evidence indicates that microRNA alterations are involved in the
Osthole development of AD. In this paper, we demonstrated whether osthole could delay the occurrence of AD by
Microarray

regulating miRNA.

Methods: Microarray was used to discover differential miRNAs in AD. The target genes regulated by miRNA were
predicted by databases; The protective effects of osthole on APP/PS1 mice were determined by Morris Water
Maze, H&E and Nissl staining; The APP-SH-SY5Y cells were transfected with miRNA-101a-3p inhibitor, the
expression of miRNA-101a-3p and APP mRNA in APP/PS1 mice and APP-SH-SY5Y cells were detected by RT-
PCR; And western blot and ICC staining were used to detect the APP and AP proteins expression.

Key findings: MiRNA-101a-3p was the osthole-mediated miRNA in AD and APP is the target gene. Osthole could
increase the learning and memory ability in APP/PS1 mice and inhibit APP mRNA/protein expression by up-
regulating miRNA-101a-3p. For exploring the underlying mechanism, miR-101a-3p inhibitor was transfected
into the APP-SH-SY5Y cells. We can know that osthole had a protective effect on APP-SH-SY5Y cells, and it could
raise miRNA-101a-3p expression and inhibit APP mRNA/protein expression, the formation of A} protein was
inhibited too.

Significance: These results emphasized that osthole had a protective effect on APP/PS1 mice and APP-SH-SY5Y
cells. The main cause was due to osthole could inhibit APP expression by up-regulating miRNA-101a-3p so as to
help delay the occurrence of AD.

MicroRNA-101a-3p
Amyloid precursor protein

1. Introduction Alzheimer's disease in mice [14], and the PI3K/AKT signaling pathway

was one of the osthole-regulated pathways in Alzheimer's disease

Alzheimer's disease (AD) is an age-related condition which presents
in three forms. The most common type is dementia [1-3]. Various
hypotheses have been described in relation to the pathogenesis of AD.
Currently, the most widely accepted hypothesis is amyloid-} peptide
(AP) deposition [4-6]. This is one of the cleaved by-products of the
amyloid precursor protein (APP) by B-secretase [7-9]. AR accumulates
and forms AP plaque when the levels of APP are increased in the brain.
So, it would be an effective method to delay the occurrence of AD by
inhibiting the expression of APP then reducing the formation of addi-
tional neurotoxic substance.

Osthole (C15H1603), a bioactive component derived from the tra-
ditional Chinese medicine [10-12], has diverse pharmacological ef-
fects, such as anti-inflammatory, anti-apoptosis, anti-oxidative stress
[13]. It is reported that osthole could prevent ALCL3-induced
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MicroRNAs (miRNA), a class of non-coding RNAs, regulated nu-
merous Physiological processes [16-18] via binding to the 3’ un-
translatable region (3’-UTR) of their mRNA targets. Aberrant expression
of microRNAs in the brain maybe a hall marker of some diseases, Hui
Che [19] investigated that miR-101 was higher in younger rats than
middle-aged rats. And APP was a target gene regulated by miR-101
[20]. So, we explore whether or not osthole had the effects on the
miRNAs expression and then influenced the occurrence of AD by reg-
ulating the target genes.

Previous study of our laboratory found that osthole not only sup-
pressed the expression of BACE-1 by up-regulating miR-107 [21], also
inhibited the expression of CAMKK2 and its downstream p-AMPKa via
up-regulating miR-9 [22,23]. In this study, APP/PS1 mice who divided
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Fig 1. The whole framework for exploring the relationship between miR-101a-3p and APP in Alzheimer's disease.

into APP, and osthole group were used to discover the osthole-mediated
miRNAs determined by microarray, then miR-101a-3p was selected as
the osthole-mediated miRNA and the result that miR-101a-3p has a
negative correlation with APP was verified by databases and cytos-
cape3.6.1. These findings suggested that miR-101a-3p may be a ther-
apeutic target for treating Alzheimer's disease. Here, we extended this
investigation and asked whether osthole up-regulate miR-101a-3p
along with the reduction of the involved gene expression. First, SH-
SY5Y cells which stably infected with the human Swedish-type mutated
APP and APP/Presenilin 1 [PS1] double transgenic mice were the
models in vitro and vivo respectively. The present study was design to
find osthole-regulated miRNAs which block the development of AD to
further study the possible mechanism of osthole in AD and open up a
new way for the treatment of AD.

2. Materials and methods
2.1. Animals and osthole treatment

160 mg osthole (Ci5H1603, > 98% purity; obtained from the

National Institute for the Control of Pharmaceutical and Biological
products; 110822-200407; Beijing, China) was dissolved in 80 mL
0.05% Sodium carboxymethyl cellulose (CMC-Na, C = 20 mg/kg) and
store at 4 °C [24].

APP/PS1 double transgenic mice (9 months; from the Institute of
Zoology, Nanjing University) which expressed the APP and PS1 genes
were raised in the room (23 *= 1°C). The food and water were free
access. APP/PS1 mice [25,26] served as APP group (N = 10). Osthole
group was the APP/PS1 mice with osthole 20 mg/kg administration,
twice a day for 6 weeks. C57BL/6 mice (Liaoning Changsheng Bio-
technology Co., Ltd. N = 10) were used as control group. APP and the
control group were given equivalent amount of 0.05% CMC-Na.

2.2. Morris Water Maze and data analysis

The spatial learning and memory performance were detected by
Morris Water Maze (MWM, Chengdu TME Technology Co., Ltd.,
Chengdu, China) with blind method. Briefly, Water was dyed white
with milk in advance and kept at 21 °C. The escape platform was hidden
below two centimeters depth of the surface of water in the target
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Fig. 2. Osthole enhances the learning and memory ability in APP/PS1 mice
(A) Representative individual swim paths in the water maze trial (on day 5).
(B) The escape latency in the 5 day's experiments of the water maze task.
(C) The percentage of distance spent in the correct quadrant.

(D) The number of times the platform location was crossed. **P < 0.01 vs. CON; ##p < 0.01 vs. APP; values are expressed as the mean = SD (n = 10). (D) is

+

expressed as the median IQR (n = 10).

quadrant. Mice were placed into four quadrants respectively. The es-
cape latency, platform quadrant distance and crossing platform times
were monitored by the video analysis system and compared [25,26]. At
last, the differences were determined by t-test.

2.3. H&E and Nissl staining

After MWM test, all groups of animals were sacrificed and the brains
were harvested for pathological and immunological assessment. The
mouse brain was embedded in Tissue-Tek (SAKURA) and frozen in a
refrigerator at —80. The hippocampus was sliced to 7 um using a
cryostat (CM1900, Leica). The H&E staining process was as follow: The
sections were stained with 70%, 80%, 90% alcohol (55s), 50 °C hema-
toxylin (305s), 1% hydrochloric acid (5s), 0.5% ammonia (10s), and
eosin (5s), 70%, 80%, 90% alcohol (5 s), and finally sealed with neutral
gum. The histopathological damage was observed under a microscope
[27]. The Nissl staining process was as follow: 100% ethanol (205s),
distilled water (30 s), Cresyl violet (37 °C, 20 min), neutral differentia-
tion solution (30s), 100% ethanol (20 s), xylene (10 s). The results of H
&E and Nissl section were visualized by OLYMPUS SZX9 and BX51
microscope (Tokyo, Japan) with a digital camera.
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2.4. Microarray analysis

The samples were carried out by Shanghai Ouyi Biomedical
Technology Co., Ltd. using Agilent Mouse miRNA, Release 21.0. The
total RNA extracted from frozen brain of each group which analyzed by
NanoDrop ND-2000 (Thermo Scientific) and Agilent Bioanalyzer 2100
(Agilent Technologies). Finally, the differences expressed among
miRNAs were selected using fold changes (FC) = 2 as a standard. The
miRNAs with differential expression in each group were demonstrated
by heat map.

2.5. Bioinformatics analysis of microRNA

The differently expressed miRNA was selected according to the fold
changes and heat map, then the target gene regulated by miRNA was
predicted by the databases. Owing to the inherent relationship, the
results of different databases were combined, including Targetscan [27]
(http://www.targetscan.org/vert 72/), miRDB [28] (http://www.
mirdb.org/), miRWalk (http://zmf.umm.uni-heidelberg.de/apps/zmf/
mirwalk2/), miRsystem (http://mirsystem.cgm.ntu.edu.tw/). At the
same time, the network of miR-101a-3p was established to visualize the
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Fig. 3. Osthole repair the Pathological damage in hippocampus of APP/PS1 mice determined by Nissl and H&E staining.

(A) Nissl staining of hippocampus and cerebral cortex in three groups of mice;
(B) H&E staining of hippocampus and cerebral cortex of three groups of mice.

regulatory relationships between miRNA and the genes using Cytoscape
3.6.1 [29].

2.6. Virus preparation and lentiviral transduction

293T cells were seeded at a density of 2.0 X 10° cells/mL, GFP or
GFP-APP595/596 vector plasmid, pLP1, pLP2, pLP/VSV-G plasmid
(Tianjin Medical University) were added into 250 uL. DMEM and in-
cubated for 5 min. Lipofectamine 2000 (Thermo Fisher Scientific) and
250 uL. DMEM were co-cultured for 5min at room temperature. Then
the products were added into 293T cells and the supernatant was
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collected after 24, 48, and 72h to determine the titer by fluorescence
intensity. Lentiviral and 1% polybrene were added into SH-SY5Y cells,
the expression of APP gene and protein in SH-SY5Y cells were detected
by RT-PCR and Western Blot three days later [21], The lentivirus—-GFP
group was used as control [30,31].

2.7. Cell viability

The SH-SY5Y cells were infected with GFP or GFP-APP595/596
Lentivirus, the cells were divided into 3 group, (1) GFP group (infect
GFP), (2) APP group (infect APP), (3) OST group (infect APP + various
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Fig. 4. The microRNAs expressed differentially determined by microarray.
Green stands for the low expression of miRNA and red stands for over-expres-
sion of miRNA; (For interpretation of the references to color in this figure le-
gend, the reader is referred to the web version of this article.)

concentrations of osthole 25, 50, 75, 100 uM). Cells were seeded at a
density of 2.0 x 10°cells/mL. After co-culture for 24h, 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenylltetra-zolium bromide (MTT, Sigma)
was added and incubated for 4 h in the humidified atmosphere of 95%
air and 5% CO2, 100 pL of dimethylsulfoxide (DMSO) was added at last.
The optical density (OD) value determined by microplate reader
(Thermo Fisher Scientific Inc., U.S.A.) at 580 nm were used to reflect
the levels of MTT.

2.8. Measurement of lactate dehydrogenase (LDH) release

Cells were seeded into 96-well plate at a density of 5 x 10%/well
with 100 uL complete medium per well. After the pre-protection of
osthole, the Lactate dehydrogenase assay kit (Nanjing Jiancheng
Bioengineering Institute) was conducted in accordance with the man-
ufacturer's instructions [32], The optical density (OD) value determined
by microplate reader (Thermo Fisher Scientific Inc., U.S.A.) at 490 nm
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were used to deserve the release of LDH. LDH release represents the
extent of cell damage, and all data were repeated three times in-
dependently.

2.9. MiR-101a-3p inhibitor transfection

MiR-101a-3p inhibitor oligonucleotide (RiboBio, 20uM) was
transfected into cells using Lipofectamine 2000 (5 pL) in 6 well plate, it
is the inhibitor group. The cells was divided 5 groups, the establishment
of GFP group and APP group were depicted as the method 2.8; OST
group (APP + OST 50uM); Inhibitor group (APP + miR-101a-3p
Inhibitor); OST + Inhibitor group (APP + Inhibitor + OST 50 pM).
Cells were prepared for the following experiments.

2.10. RT-PCR analysis

In this section, we examined the expression of miRNA-101a-3p and
its downstream target APP mRNA. The total RNA was isolated from
mice brains and SH-SY5Y cells using TRizol reagent (Invitrogen), cells
were grouped according to Method 2.10 and converted cDNA by
OneScript Reverse Transcriptase OneScript cDNA Synthesis Kit (Abm).
The microRNA reverse transcription was performed using bulge-loop
TM miRNA reverse primer instead of Olige (dT). 25 puL Dream Taq PCR
Master Mix (Abm), 1.5pL forward and reverse primer (RiboBio,
Guangzhou), 2 uL. cDNA and 20 pL water nuclease free in amplification
reaction mixture (50 uL), and the PCR condition were as follows: 95 °C
(2min, a cycle), 95°C (30s), 58°C (30s), 72°C (1 min), 35cycles in
total. Finally, 72°C (10 min, a cycle). B-Actin served as the control of
APP and U6 snRNA (U6) served as control of miR-101a-3p, the primer
sequence was as follows: APP, F: AAAACGAAGTTGAGCCTGTTGAT; R:
GAACCTGGTCGAGTGGTCAGT; p-actin, F: TGCTGTCCCTGTATGCC
TCT; R: TTTGATGTCACGCACGATTT. Primer of miRNA-101a-3p was
designed by RiboBio (Guangzhou, China).

2.11. ICC staining

The cells are grouped according to Method 2.10 for ICC staining.
The cells were fixed with 4% paraformaldehyde then permeabilized by
1% Triton X-100. The APP and Af primary antibodies (1:400, Bioss)
were added to the cells of each group afterwards and incubated at 4 °C
overnight. The next morning, goat anti-rabbit secondary antibodies
(1:1000; Jackson, West Grove, PA, USA) were co-cultured with the cells
at room temperature for 1 h. DAPI and anti-fluorescence quencher were
added. It's necessary to wash with PBS three times between each step.
The fluorescence intensity of photographs was checked under a mi-
croscope, and quantitative analysis of fluorescence intensity was per-
formed using ImagelJ software.

2.12. Western blot

The total proteins of the cells and mice were extracted with
readyPrep protein extraction kit. Protein quantification was determined
by BCA protein assay (Shenyang WanLei Biological Technology Co.,
Ltd.). 50 pg total protein from each samples were loaded on 10% SDS-
PAGE and transferred to polyvinylidene difluoride (PVDF) membrane
using a wet transfer system (Bio-Rad, USA). APP (1:400, Bioss) and AP
(1:500, Shenyang Wanlei Biological Technology Co., Ltd.) primary
antibodies. Appropriate HRP Goat Anti-Rabbit 1gG secondary anti-
bodies (1:2000, ABclonal Technology) were used to incubate to the
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membranes. At last, ImageJ software was used to identify the protein
quantification.

2.13. Statistical analysis

All data were analyzed by SPSS version 13.0 (SPSS, IL, USA) and
graphs were drawn by GraphPad Prim 5.0 software. The normal dis-
tribution of the data was detected by Box plot. The data conforming to
the normal distribution was expressed as mean * standard deviation
(mean * SD), and the comparison between groups was analyzed by
variance, and the t-test was used for comparison between the two
groups. P < 0.05 was considered statistically significant.

3. Results

The molecular mechanism of osthole in AD was visualized by a
whole framework with the experiment procedure based on pharmaco-
logical data (Fig. 1).

3.1. Osthole increases the learning and memory ability of APP/PS1 mice

The effects of osthole on the learning and memory ability in APP/
PS1 mice were evaluated by Water Morris Maze. The swimming dis-
tance is shortest in control group and shortened significantly with the
treatment of osthole compared with APP group (Fig. 2A). And the
statistical data of escape latency showed that the APP/PS1 mice with
osthole treatment found the platform quicker than APP group (OST
group: N =10, 32.767 = 1.893% vs. 20.933 * 2.532%. vs. APP
group. P < 0.01). The escape latency reduced gradually with the
training of MWM (Fig. 2B), but there was no significant difference in
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swimming speed between each group of mice (the data was not shown).
When we analyzed the distance percentage that the mice swimming in
platform quadrant (Fig. 2C), we found that the percentage swimming
distance in target quadrant in OST group was increased compared with
APP group (OST group: N =10, 29.977 + 1.295% vs.
12.727 * 0.735%, vs. APP group, P < 0.01). After the 4 days training,
similar results were obtained when the crossing platform times was
determined (Fig. 2D), the mice with osthole treatment crossed the
platform multiple times (OST group: N = 10,5 = 2vs. 3 * 1, vs. APP
group, P < 0.01). All data indicated that osthole raise the learning and
memory ability of APP/PS1 mice.

3.2. Osthole repairs the pathological damage in APP/PS1 mice

To investigate the effects of osthole on pathological damage in APP/
PS1 mice, H&E and Nissl staining were used. The results of Nissl
staining suggested that Nissl bodies were lost, Neuronal atrophy, nu-
clear contraction and other phenomena have been produced in APP
group. In contrast to APP group (Fig. 3A), the numbers of Nissl bodies
increased in the hippocampal CA3 region and cerebral cortex of APP/
PS1 mice with osthole administration. It can be seen from the results of
H&E staining (Fig. 3B) that the cells in the CA3 region and cerebral
cortex of the control group were uniform in size and round, while cells
and voids cell shrinkage had larger differences in APP group. The
structure of the hippocampal CA3 area and cerebral cortex of mice after
osthole treatment was improved significantly. It indicated that osthole
reduce the Pathological damage of APP/PS1 mice.

A
MiRsystem argetScan
%,
& O
&
106
64
B
Position 256-263 of APP 3’UTR Sequence
mmu-miR-101a-3p 5' .GGUUUUGUGUACUGUAA...

APP &5

L
AGUCAAUAGUGUCAUGACAUG

Fig. 5. miR-101a-3p could bind to the 3’-UTR of APP.

(A) The Veen chart of miRWalk, TargetScan, miRDB, miRsystem;

(B) The complementary paired sequence which determined by databases;
(C) The validation of APP-related miRNAs by Cytoscape.
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Fig. 5. (continued)

3.3. MiRNA-101a-3p regulated by osthole in APP/PS1 mice

The Agilent miRNA microarray was used to explore the osthole-
regulated microRNAs in APP/PS1 mice, the number of miRNAs ex-
pressed differentially in APP/PS1 mice was 111, of which 71 were up-

123

regulated and 40 were down-regulated. The number of miRNAs ex-
pressed differentially was 78 with osthole treatment, of which 25 were
up-regulated and 53 were down-regulated compared with APP group.
The different expression of miR-101a-3p in each group was shown by
heat map (Fig. 4), the expression of miR-101a-3p decreased in APP
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group compared with control group, while increased with the osthole
treatment, the differences among the three groups were obvious. So
miRNA-101a-3p was chosen for follow-up research.

3.4. miR-101a-3p binds to APP gene

To look for the target genes of miRNA-101a-3p, the prediction re-
sults of multiple databases were combined, the target genes shared by
the four databases are shown by the Venn plot (Fig. 5A), there are 65
genes in four databases, including APP, Atrx, Btbd3, Metapl, Zfhx4 and
so on. The complementary paired sequence which determined by da-
tabases were shown in Fig. 5B. We know that miRNA-101a-3p had a
binding site with the 3’-UTR of APP. At the same time, the miRNAs
which was regulated the expression of APP was predicted by Cytos-
cape3.6.1 (Fig. 5C). Including miR-101a-3p, miR-100, miR-153 and so
on. At last, we verified the predicted results from bioinformatics ana-
lysis through the experiments in vitro and in vivo.

3.5. Osthole regulates the expression of miR-101a-3p and APP mRNA in
APP/PS1 mice

To validate the results from Microarray analysis, RT-PCR was used
to identify the expression of miR-101a-3p and APP mRNA. Total RNA
was extracted from hippocampus and cortex of mice, the products were
electrophoresed (Fig. 6A, B). From the statistical graph (Fig. 6C), it can
be seen that the relative expression of miRNA-101a-3p in the APP group
was decreased (APP group: N =6, 0.281 * 0.063% vs. 0.710
+ 0.038%, vs. Control group, P < 0.01). And the expression of
miRNA-101a-3p in osthole group increased significantly (OST group:
N =6, 0.405 = 0.049% vs. 0.281 * 0.063%, compared with APP
group, P < 0.01). It can be seen that the APP gene increased sig-
nificantly in APP group (APP group: N =6, 0.974 = 0.03% vs.
0.360 = 0.031%, vs. Con group, P < 0.01), while the levels of APP
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Fig. 6. The expression of miRNA-101a-3p and APP
with osthole treatment in APP/PS1 mice.

(A, B) The expression of miRNA-101a-3p and APP
were analyzed by RT-PCR;

(C) The expression levels were semi-quantified by
densitometric measurements, normalized with U6/
actin internal control; **P < 0.01 vs. CON;
##p < 0.01 vs. APP.

APP  OST

decreased with the treatment of osthole (OST group: N =6,
0.761 = 0.025% vs. 0.974 + 0.03%, vs. APP group, P < 0.01). We
can know that osthole could up-regulated miRNA-101a-3p and reduce
the expression of APP gene. The results of the RT-PCR were consistent
with those of the microarray and the bioinformatics predicted re-
lationship between miRNA-10la-3p, APP was also verified pre-
liminarily.

3.6. Osthole inhibits the expression of APP protein in APP/PS1 mice

We investigated whether or not the expression of APP protein is
changed with the osthole treatment. The expression of APP, A} proteins
in hippocampus and cortex of three groups were detected by Western
Blot (Fig. 7A). The results showed that the expression of APP protein in
APP group was significantly higher than that in control group (APP
group: N=6, 0.991 + 0.031% vs. 0.377 * 0.051%, vs. control
group, P < 0.01). However, the expression of APP protein decreased in
osthole group (OST group: N=6, 0.629 * 0.073% vs.
0.991 *= 0.031%, vs. APP group, P < 0.01, Fig. 7B). At the same time,
we also detected the changes of AP protein, we found that the expres-
sion of A protein in OST group was also reduced relatively (OST group:
N=6, 0.268 = 0.059% vs. 0.889 = 0.042%, vs. APP group,
P < 0.01). The tendency of AP protein is consistent with APP protein.
The results indicated that osthole can decrease the expression of APP
and AP proteins in APP/PS1 mice.

3.7. SH-SY5Y cells with over expression of APP was established successfully

As shown in Fig. 84, it is the schematic diagram of the plasmid
structure of APP595/596. APP and the viral vector were double-di-
gested by Xbal and Notl respectively, then they were reconnected into
loop by ligase to form APP595/596 plasmid. The GFP gene which took
along green fluorescence was inserted into APP as a fluorescent marker,



Y. Lin, et al.

A

CON APP OST

APP

—
)]
J

[ APP
| A

**

—_—
(=]
1

*%*

=
n
f

The relative expression of § -actin
=
=

CON APP OST

Fig. 7. The expression of APP and A proteins with Osthole treatment in APP/
PS1 mice.

(A) The expression of APP and AP proteins were analyzed by Western blot;
(B) The expression levels were semi-quantified by densitometric measurements,
normalized with p-actin internal control. n =10, **P < 0.01 vs. CON;
##p < 0.01, *P < 0.05 vs. APP.

we determined the intensity of fluorescent label to judge if APP plasmid
which co-expression GFP plasmid can be transfected into 293T cells
successfully. Lentivirus was packaged in 293 cells and infected the SH-
SYS5Y cells to establish the SH-SY5Y cells with over-expression of APP
(APP-SY5Y cells). The green fluorescence of cells was observed under
the microscope. As shown in Fig. 8B, the growth tendency of the cells
which infect APP was slow. The GFP and APP group were reflect green
fluorescence. After three days of culture, the cells were identified by
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RT-PCR and Western blot (Fig. 8C). It was found that the expression of
APP mRNA and protein in APP group were higher compared with GFP
group (APP mRNA: 0.160 * 0.010% vs. 0.030 = 0.006%; APP pro-
tein: 0.866 *= 0.042% vs. 0.436 + 0.023%, vs. GFP group, P < 0.01.
Fig. 8D). It suggested that the AD cell model was constructed success-
fully.

3.8. Osthole increases the viability of APP-SY5Y cells

The MTT and LDH kits were used to determine the neuroprotective
effects of osthole. We chose the osthole concentrations of 25, 50, 75 and
100 uM to intervene in APP-AY5Y cells. The viability was higher when
osthole was at concentrations of 50 and 75 uM (Fig. 9A). However, the
precipitation of the drug was occurred at a concentration of 75 pM. The
final concentration of osthole in the follow-up test was set to 50 uM.
The LDH kit was used to detect the effects of osthole on cell damage, the
LDH release was highest in the APP group (166.06 + 6.11). And the
release of LDH in osthole group (134.667 *+ 5.005) was between APP
and GFP group (100.0 * 5.001). The results indicated that osthole
increase the cell viability and reduce cell damage (Fig. 9B).

3.9. Osthole inhibits the expression of APP mRNA by up-regulating miRNA-
101a-3p

To investigate the molecular mechanism of osthole in AD whether
or not affect the expression of APP by regulating miRNA-101a-3p,
miRNA-101a-3p inhibitor (Suzhou Jima Gene Co., Ltd.) was transfected
into the cell with over-expression of APP to inhibit the expression of
miR-101a-3p.

The total RNA was inverted into cDNA and amplificated (Fig. 10A).
As shown in Fig. 10C. It be seen that the inhibitor inhibits the expres-
sion of miRNA-101a-3p successfully (0.363 + 0.05%), miRNA-101a-
3p decreased significantly in APP group compared with the GFP group
(APP group: 0.645 = 0.068% vs. 0.963 = 0.02%, vs. GFP group,
P < 0.01). The expression of miRNA-101a-3p was decrease in APP
group, and increased in the OST group (0.903 = 0.016%). Next, we
determined the expression of APP in each group (Fig. 10B), the ex-
pression of APP mRNA was significantly decreased in OST group
compared with APP group (OST group: 0.557 + 0.062% vs.
0.658 = 0.018%, vs. APP group). And the expression of APP was
highest in Inhibitor group (0.726 + 0.017%), the expression of APP
mRNA in OST + Inhibitor group (0.621 * 0.053%) was between that
in OST group and Inhibitor group (Fig. 10C), and the difference was
statistically significant (P < 0.01).

3.10. Osthole inhibits the expression of APP protein in APP-SY5Y cells

In order to prove osthole affects the expression of APP protein
through regulating miRNA-101a-3p, Western Blot (Fig. 12) and Im-
munofluorescence chemistry (Fig. 11A, B) were used. The expression of
APP protein was significantly increased in APP group compared with
the GFP group (Fig. 11A: 0.739 * 0.031% vs. 0.31 * 0.042%, vs.
GFP; Fig. 11B: 171.833 * 8.944 vs. 102.04 = 3.46 vs. GFP). Com-
pared with APP group, the expression of APP protein was decreased
significantly with osthole treatment (Fig. 11A: 0.458 = 0.033%;
Fig. 11B: 126.973 = 7.178), and the expression of APP protein
was the highest in the inhibitor group (Fig. 11A: 0.950 = 0.043%;
Fig. 11B: 227.379 * 5.671). The co-treatment group (Fig. 11A:
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Fig. 8. The establishment of SH-SY5Y with over expression of APP.

(A) The structural formula of APP595/596 plasmid;

(B) Green fluorescent cell diagram with APP and GFP plasmid (scale = 50 um);

(C) The electrophoretic diagram determined by RT-PCR and Western blot;

(D) The expression levels were semi-quantified by densitometric measurements, normalized with B-actin internal control; **P < 0.01 vs. GFP.

APP fluorescence(% of GFP)

0.637 = 0.044%; Fig. 11B: 160.463 = 9.498) was between osthole cells (Fig. 12). And because of the inhibition of APP by MiRNA-101a-3p,
group and the inhibitor group, and the difference was statistically sig- the expression of AB (1.004 = 0.052, 216.712 = 15.974) is decreased
nificant (P < 0.01). MiRNA-10la-3p inhibitor attenuates the in- at the same time. As shown in Fig. 13, the expression of APP protein is
hibitory effect of miR-101a-3p on APP protein expression in APP-SY5Y positively correlated with AP protein, while the expression of miRNA-
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Fig. 10. The expression of miRNA-101a-3p and APP with osthole treatment.

(A) The expression of miRNA-101a-3p was analyzed by RT-PCR in APP-SY5Y cells;

(B) The expression of APP was analyzed by RT-PCR in APP-SY5Y cells;

(C) The expression levels were semi-quantified by densitometric measurements, normalized with B-actin internal control;
**p < 0.01 vs. GFP; *#P < 0.01; vs. APP.
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(A) The immunofluorescence pictures of APP, Af;

(B) The expression of APP, A proteins determined by ImageJ software.

**p < 0.01 vs. GFP; *#P < 0.01 vs. APP.
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##p < 0.01, *#P < 0.01 vs. APP. AMPK Pathway could affect in development of AD [39]. So, it's

meaningful to find the aberrant expression microRNA and the target

101a-3p was negatively correlated with the expression of APP mRNA ~ MRNA regulated by microRNA in AD. ) )

and protein, there are negative correlation between miRNA-101a-3p ) In this ’study, miRNA-101a-3p was selecFed as Fhe dlffer.entlal
and AR protein. So it can be say that the MiRNA-101a-3p inhibitor miRNA which regulated by osthole in Alzheimer's disease. MiRNA-
decrease the inhibitory effect of miR-101a-3p on the expression of Ap 1013'3'1’ bind to the. .S'TUTR of APP was verified t.)y the blOll‘lfOl‘mat'lCS
protein in APP-SY5Y with overexpression of APP, and it was confirmed analysis, and then vilified by this biological experiment. APP/PS1 mice

that osthole inhibited the expression of APP protein by up-regulating and SH-SY5Y cells with over-expression of APP were served as the AD
MiRNA-101a-3p. model in vivo and in vitro. We found that osthole could increase the

learning and memory ability of APP/PS1 mice and could increase the
miRNA-101a-3p expression and reduce the levels of APP mRNA and
protein at the same time. To observe the further study, miRNA-101a-3p
inhibitor was used to explore whether osthole had the inhibitory effects
to APP via up-regulating miRNA-101a-3p, RT-PCR was used to detect
the expression of miRNA-101a-3p and APP mRNA, the results showed
that osthole could decrease the expression of APP along with the in-
creasing of miRNA-101a-3p. And the expression of APP and A proteins
were determined by western blot and ICC staining, these results in-
dicated that the up-regulation of miRNA-101a-3p induced by osthole
could inhibit the expression of APP to delay the occurrence of AD. The
biological experiment verified the results from the microarray that
miRNA-101a-3p was the osthole-mediated miRNA and the prediction
from the bioinformatics that the miRNA-101a-3p could inhibit the ex-
pression of APP. But there is a new discovery in this study, with the
increasing of APP, the levels of AP was raised at the same time. So, a
question was posed that whether or not osthole had an effect on the

4. Discussion

Alzheimer's disease (AD) is an APP-induced disease, which char-
acterized by accumulation of senile plaques and the formation of neu-
rofibrillary tangles in the brain [33]. The production and degradation of
Ap will be balance in normal, but in AD patient's brain, the amount of
AP increased because of the aberrant expression of APP, A plaque as
the key factor of the formation and development of AD, produce neu-
rotoxicity [34], and it activate a series of pathologies, which induces
apoptosis in nerve cells.

Osthole as a natural coumarin compound is considered a ther-
apeutic potential drug due to its broad pharmacological effects [35].
The pharmacological effects include anti-apoptosis [36], anti-oxidant
[37] and neuroprotective effects. Previous studies in the laboratory
found that osthole has neuroprotective effects on APP-SY5Y cells, and
promotes the differentiation of neural stem into neurons by up-
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expression of BACE-1 through regulating miR-101a-3p.

In conclusion, above results indicated that APP mRNA and protein

were over-expressed in Alzheimer's disease. MiRNA-101a-3p could bind
to the 3’-UTR of APP to inhibit the APP expression in APP/PS1 mice and
APP-SH-SY5Y cells. These findings indicated that miRNA-101a-3p
could be used as the hall marker of AD.
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