Am J Transl Res 2021;13(4):2486-2498
www.ajtr.org /ISSN:1943-8141/AJTR0127912

Original Article

Effects of Aricept on intestinal flora diversity in patients
with mild Alzheimer’s disease explored through
high-throughput sequencing technology

Yang Jiang?, Zhongwei Guo?, Xuezhen Liu?, Yanping Wang?, Jiapeng Li2, Bin Wang*

Departments of 1Science and Education, 2Geriatrics, *Radiology, *Ophtalmology, Tongde Hospital of Zhejiang
Province, Hangzhou, Zhejiang Province, China

Received December 9, 2020; Accepted January 21, 2021; Epub April 15, 2021; Published April 30, 2021

Abstract: Objective: To research the effects of Aricept on the intestinal flora in patients with mild Alzheimer’s disease
(AD) and explore the relationship between the improvement from Aricept on AD and the changes in intestinal flora.
Methods: One month after Aricept treatment, DNA was extracted from stool samples of patients and the quality of
DNA was detected. Then, the library was constructed, quantified, pooled and the quality of the library was checked.
Sequencing was conducted using the Miseq sequencer and the related results were analyzed by bioinformatics.
Results: The overall structure of intestinal flora in AD patients was largely changed after Aricept treatment (P<0.05),
which was mainly shown as decreased abundance of Firmicutes, Proteobacteria, actinobacteria and fusobacteria,
and increased abundance of Bacteroidetes. The average abundance of intestinal flora in lipid metabolism pathwa
was also different before and after treatment (P<0.05). The function of target receptor molecules in the Aricept drug
target network mainly targets G-protein coupled receptors; biological processes in energy metabolism; and biologi-
cal pathways mostly target proteoglycans. Conclusion: The occurrence and progression of AD are closely related to
abnormal changes in intestinal flora structure. Bile acids may improve the symptoms of mild AD by changing the
intestinal flora through lipid energy metabolism. In other words, Bile acids regulate the activity of the host nervous
system through intestinal flora regulation. Intestinal flora maintains the homeostasis of bile acid and further affects
the physiological and pathological processes of the host. The analysis of AD related flora structure pattern helps to
understand the molecular pathological basis of AD and provides theoretical basis for the development and design
of innovative drugs for AD.
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Introduction Mild dementia is commonly seen in clinical
practice. As the first drug covering the whole

Alzheimer’s disease (AD) is a degenerative dis- range of mild, moderate and severe AD in

ease of the central nervous system, which
often occurs in the elderly. It not only endan-
gers the health of the elderly, but AD also brings
heavy mental and economic burden to families.
By 2019, AD has gradually become the fifth
leading cause of death in China and the related
social burden is increased with the accelera-
tion of aging. Currently, there are many hypoth-
eses about the pathogenesis of AD, such as
inflammation, amyloid deposition, abnormal
phosphorylation of tau proteins, cholinergic
hypothesis, oxidative stress reactions and
apoptosis theory etc. [1, 2]. There are also
many drugs for the treatment of AD, such as
donepezil and Aricept etc. [3, 4].

China, Aricept has achieved good clinical
effects. However, the specific pharmacological
mechanisms of Aricept are still unclear. More
and more evidence shows the relevance
between intestinal microorganisms and the
central nervous system (CNS) [5, 6]. As a drug
target for AD, the further study of intestinal
flora may provide a methods for the treatment
of AD.

In our present study, the effects of Aricept on
the intestinal flora of patients with mild AD and
the related possible pharmacological mecha-
nisms were explored. Stool samples were
acquired from 12 patients with mild AD who
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were selected as the research subjects, includ-
ing samples before and after one month of con-
tinuous administration of Aricept. The diversity
of the V3 region of 16S rRNA gene was detect-
ed by MiSeq sequencer and the changes of
intestinal flora structure in AD patients were
revealed [7, 8]. The related study is as follows.

Materials and methods
Research subjects

This is a prospective study. Atotal of 12 patients
with mild AD, including 5 females and 7 males
with an average age of (84.4+3.2) years old,
who were diagnosed in Tongde Hospital of
Zhejiang Province during January 2018 to
September 2019 were selected. All subjects
were hospitalized for the first occurrence of AD
symptoms without any treatment before sam-
pling, and they were screened according to the
inclusion criteria. All the subjects signed the
informed consent, and the project was also
approved by the Ethics Committee of Tongde
Hospital of Zhejiang Province.

Inclusion criteria

1) All the selected subjects met the AD diagnos-
tic criteria formulated by the latest diagnostic
criteria for Alzheimer’s disease in 2011 [9].

2) Aged between 60-90 years old.

3) Without operation history in the past two
years, and no antibiotics or probiotics were
used one month before the stool samples were
collected; all selected patients were admitted
to the hospital for the first time, and had not
received any treatment before sampling.

4) No high-fat food intake within 5 days. All the
subjects had good compliance with little poten-
tial bias. A minimum of 30 days of treatment
was guaranteed according to the treatment
course. During this period, the diet was regular
and high-fat foods were forbidden. Patients
were selected from the city in Zhejiang Province
to avoid any deviation caused by the differenc-
es between urban and rural life.

Exclusion criteria

1) Patients with cancer and hematological
malignancies; 2) Patients with renal insufficien-
cy, liver cirrhosis or abnormal blood glucose
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and obese patients with excessive body mass
index (BMI); 3) Patients with bad habits such
as smoking, drinking, unbalanced diet etc.;
such that the influence of external factors on
the later microbial analysis could be strictly
controlled.

Methods

Main equipment and materials: Drug name:
Aricept, manufacturer: Weicai (China) Phar-
maceutical Co., Ltd., China; dosage: once a day,
one tablet at a time, 5 mg/day.

Main equipment: NanoDrop 2000 (manufac-
turer: Thermo Fisher Scientific, USA), Invitrogen
Qubit 3.0 Spectrophotometer (manufacturer:
Thermo Fisher Scientific, USA), Agilent 2100
bioanalyzer (manufacturer: Agilent Techno-
logies, USA), lllumina MiSeq Benchtop Sequ-
encer (manufacturer: [llumina, USA), ABI 2720
Thermal Cycler (manufacturer: Thermo Fisher
Scientific, USA), Eppendorf 5810R Centrifuge
(manufacturer: Eppendorf, H burg, Germany).

Main reagents: MiSeq Reagent Kit v3 (lllumina,
USA), AgencourtAMPureXPPCR Purification
Beads (Beckman Coulter, USA), TopTagq DNA
Polymerase kit (Transgen, China).

Administration plan and sampling: The protocol
was a self-controlled trial with the comparison
before and after the medication. Twelve stool
samples in each group before and after drug
administration were compared. Aricept was
used 5 mg/day, once a day. Two batches of
samples were taken before and a month after
the treatment, respectively. During the whole
treatment period, a reasonable dietary struc-
ture was maintained and antibiotics were
forbidden.

Sampling method: Urine was drained firstly to
avoid contamination; then a fresh stool sample
from patients were kept in aseptic cryopreser-
vation tubes (the middle section of stool sam-
ples was taken; and the inside of the stool was
taken; liquid stools could not be used as the
sample); 3-10 g of the middle inside part of the
sample was put into the aseptic cryopreserva-
tion tube using a sterile spoon. Outside of the
stool was not be taken as sample because of
external pollution and partly degraded bacteri-
al DNA due to air exposure; next, the aseptic
cryopreservation tubes containing the stool
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samples were put into the -40°C freezer
immediately.

Genomic DNA quality detection, amplification,
library construction and sequencing of stool
samples

Genomic DNA quality detection: High quality
and integrity genomic DNA was the premise of
the Library construction and amplification.

The extracted genomic DNA was detected as
follows: a) The integrity of DNA was detected by
agarose gel electrophoresis: the electrophore-
sis strip was clearly visible without obvious deg-
radation; b) DNA quality was detected using
Nanodrop 2000: concentration =20 ng/uL,
total amount 2500 ng, OD =1.8~2.0.

260/280

The target region was detected and amplified
(e.g., Ampilification of V3V4 Region)

The qualified sample detection area was ampli-
fied by high fidelity PCR in triplicate. The stan-
dard bacterial/fungal genomic DNA mixture
was used as the positive control. The amplifica-
tion primers were determined according to the
selected detection region.

Agarose gel electrophoresis was used to de-
tect whether the amplified products were single
and specific. Three parallel amplification prod-
ucts of the same sample were mixed, and the
same volume of AgencourtAMpure XP Magnetic
beads for nucleic acid purification (Beckman
Coulter, USA) was added to each sample to
purify the product.

Added Sample-specific index sequence: The
specific Index sequence was inserted into the
end of the library through high fidelity PCR
using primers with Index sequence. The ampli-
fied products were detected by agarose gel
electrophoresis and purified using nucleic acid
purified magnetic beads. Then, the original
library of the sample was obtained.

Library quantification and pooling: The concen-
tration of the sample library with specific Index
tags was appropriately diluted according to the
preliminary quantitative results of agarose gel
electrophoresis. Subsequently, the library was
quantified accurately using Qubit. The samples
were mixed in corresponding proportion (mole
ratio) according to the sequencing flux require-
ments of different samples.
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Library quality check: The size of the inserted
fragments in the mixed library samples was
detected by Agilent 2100 Bioanalyzer. To
ensure that there was no non-specific amplifi-
cation between 120-200 bp, and the concen-
tration of the sequencing library was quantified
accurately.

Sequencing on Miseq: The library was
sequenced through Miseq platform and the
2x250 bp double ended sequencing strategy.
Further bioinformatics analysis was also car-
ried out.

Bioinformatics analysis of sequencing results

According to the tag sequences in the sequenc-
ing results, the sequences of different samples
were distinguished and the corresponding
library was established. The CD-HIT software
without redundant sequences was used for
cluster analysis, and the operational taxonomic
units (OTUs) in each library were analyzed
accordingly [10]. The samples were sequenced
by Miseq sequencer and bioinformatics analy-
sis platform, and the distribution of intestinal
flora was finally obtained. Bioinformatics analy-
sis includes Alpha diversity analysis, B diversity
analysis, microbial metabolic pathway analysis,
GO (gene ontology) analysis, drug target net-
work analysis and so on.

Wilcoxon rank sum test was used for the com-
parison between groups (two groups of sam-
ples). P value <0.05 was used as the screening
threshold of significant difference. At the same
time, Bonferroni test and False Discovery Rate
(fdr) were used to perform Multiple Hypothesis
Testing on the P values to evaluate whether
there was significant difference between
groups.

Results
Classification analysis of species

A total of 24 samples were included in this
study, including 12 samples before and 12
samples after the treatment.

In terms of phylum level, there are 257 genera
of bacteria belonging to 19 phyla in the intesti-
nal tract of Chinese population. Firmicute
(blue), Proteobacteria (yellow), Bacteroidetes
(pink) and Actinobacteria (purple) were the
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most dominant, accounting for more than 90%
of the total intestinal bacteria. Relative abun-
dance distribution at phylum level is shown in
Figure 1. After treatment (AT group), relative
abundance of Bacteroides was increased and
the abundance of Firmicutes was decreased.

In terms of genus level, all sequences were
divided into 1003 operational taxonomic units
(OTUs) according to 97% similarity level. The
diversity composition of intestinal flora in the
two groups showed differences at the genus
level, as shown in Figure 2 and Table 1. Relative
abundance of Sneathia was increased to a cer-
tain extent, while the relative abundance of
other genera was decreased.
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Figure 1. Relative abundance distri-
bution at phylum level in two groups
of samples. BT: before treatment;
AT: after treatment.

[
m

Acidobacteria O candidate_division_WPS-1

|

@ Deferribacteres [ No_Rank
B Chloroflexi
|
(]

Euryarchaeota
Chlamydiae

Alpha diversity analysis before and after the
treatment

Alpha diversity is mainly related to the number
of species, i.e., richness, and biodiversity, i.e.,
the evenness of the individual distribution in
the community. The indexes of community rich-
ness mainly include adaptive communication
environment (ACE) index and Chaol index. The
indexes of community diversity mainly include
Simpson index and Shannon index. The rich-
ness and diversity of community were both
decreased through the treatment, but there
existed no significant difference compared with
that before administration (P>0.05). See Figure
3 for details.
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Figure 2. Relative abundance distri- 20
bution at genus level in two groups
of samples. BT: before treatment; AT:
after treatment.
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Beta diversity analysis before and after the
treatment

Beta diversity is used to compare the diversity
of different ecosystems, in other words, differ-
ences between samples. The evolutionary rela-
tionship and abundance information of each
sample sequence were adopted by Beta diver-
sity to calculate the distance between samples,
which reflects whether there exist signifi-
cant differences in microbial communities
among samples (groups). In this study, partial
least squares discriminant analysis (PLS-DA),

2490

i.e. partial least squares discriminant analysis,
was used to distinguish and classify the sam-
ples before and after treatment [11]. See
details in Figure 4. Beta diversity analysis
focuses on the differences in microbial commu-
nities between the samples before and after
treatment. The drug was demonstrated to
have a clear impact on the bacterial flora if
the two types of samples could be signific-
antly distinguished. At the same time, there
exists differences in the bacterial diversity
between the two groups before and after
treatment.
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Table 1. Genera with significant difference in relative abundance before and after the treatment

Mean abundance SD of before Mean abundance SD of after

Species classification at genus level

of before treatment

treatment  of after treatment treatment Prvalue

Actinobacteria > Kocuria 8.00E-06 8.00E-06 0 0 0.031
Firmicutes > Gemmiger 0.012457 0.003689 0.003656 0.001332 0.031
Fusobacteria > Sneathia 3.00E-06 3.00E-06 1.60E-05 1.00E-05 0.022
Proteobacteria > Methylophaga 1.00E-05 1.00E-05 0 0 0.016
Synergistetes > Fretibacterium 1.40E-05 1.30E-05 1.00E-06 1.00E-06 0.012
Proteobacteria > Pseudoalteromonas 1.10E-05 1.10E-05 0 0 0.008
Bacteroidetes > Phocaeicola 2.70E-05 2.70E-05 0 0 0.001
A 450 450 —
i
| 1
400 400 - i
1
1
350 350 i
e pe— .
300 A 300 X -
250 250 —
200 200 -
1
150 150 —
& &
c 0.30 - —
]
35 - !
0.25 :
]
30 0.0 - '
25 0.15
0.10 4
20
0.05 _

Q;K

>

¢ &

Figure 3. Alpha diversity analysis. A: Chaol index (P value = 3.78e-01); B: ACE index (P value = 4.78e-01); C: Shan-
non index (P value = 4.1e-01); D: Simpson index (P value = 4.78e-01). BT: before treatment; AT: after treatment.

The effects of Aricept and other drugs on intes-
tinal flora

The composition of intestinal flora in AD
patients before and after treatment of Aricept
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through the metagenomics 16S rRNA sequenc-
ing technology was analyzed. The results
showed that Aricept had significant effects on
the overall structure of intestinal flora in
patients with AD, which was mainly manifested
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PLS_DA

(P<0.05; Figure 5), which was
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consistent with the results of
Wang et al. [3]. Detection
about the 16S rDNA of intesti-
nal flora in AD mice was con-
ducted by Zhang Yunlong et al.
The results showed that the
diversity of Firmicutes, Bac-
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teroidetes, Proteobacteria and
other bacteria in the intestinal
tract of AD model mice was
regulated by Jiedu Huayu
Decoction, and the abundance
of Firmicutes was decreased
after treatment [13]. These
above studies indicate that
increased abundance of Fir-
micum may be closely related
to the formation and develop-
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Figure 4. Beta diversity analysis. BT: before treatment; AT: after treatment.

as decreased abundance of Firmicutes, Pro-
teobacteria, Actinobacteria and Fusobacteria,
and increased abundance of Bacteroidetes.
Wang et al. firstly revealed that the change of
intestinal flora in the process of AD had a cer-
tain correlation with infiltrated immune cells in
the brain [12]. The 5XFAD transgenic mouse
(TG) model was used in the study and the
results exhibited significant change of the
intestinal flora in TG mice during the progres-
sion of AD. The dynamic changes of intestinal
flora in TG mice showed that the abundance of
Bacteroides, Firmicutes and verrucomicrobia
was the highest at the age of 2-3 months, which
were 47.3%, 33.0% and 12.2%, respectively.
However, at the age of 7-9 months, Firmicutes
becomes the dominant intestinal flora with the
abundance of 62.8%. These previous results
indicate that the composition of intestinal flora
in TG mice have changed significantly with the
development of AD, and the increase of
Firmicum may be a potential risk factor for AD
progression. The results of this study showed
that the abundance of Firmicum was decreased
with the treatment. After treatment, relative
abundance of Gemmiger in intestinal flora
decreased significantly, and there existed sig-
nificant difference before and after treatment

2492

T ment of AD, which also have a
% strong correlation with the dis-
tribution of intestinal flora [14].
Exploration from gutMDisorder
database showed that the
abundance of Proteobacteria
and Sutterella in a rat AD model was increased,
and the abundance of Desulfovibrionaceae and
Helicobacteraceae was also increased after
fructooligosaccharide intervention [15-17].

Analysis of microbial metabolic pathways

The measured sequences were annotated by
KEGG database, and a total of 285 pathways
were annotated. There existed significant dif-
ferences in one of the lipid metabolic pathways
between the two groups (P<0.05), as shown in
Table 2. Average abundance of microorgan-
isms in the Ether lipid metabolism pathway of
AT group was much lower than that in BT group
(P<0.05). The reasons, we speculate are that
the number of bacteria related to disease pro-
gression induction was decreased after treat-
ment, such as the Firmicutes, which is consis-
tent with previous studies.

Intestinal microorganisms are also involved in
many physiological and pathological processes
of host, including digestion and absorption of
food, metabolism of nutrients, development of
immune system and intestinal inflammation. In
addition, intestinal microorganisms may partic-
ipate in lipid metabolism regulation in a specific
way. Bile acids are synthesized in the liver and
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Effects of Aricept on intestinal flora diversity in mild AD patients

large-scale study of AD pa-
tients [18]. In this study, the

bile acid spectrum of 1,464
patients (including 370 pa-
tients with normal cognition,
284 patients with early mild
cognitive impairment, 505
patients with late mild cogni-
tive impairment and 305
patients with AD) were detect-
ed, and relevant change rules
of bile acid spectrum during
the progression of AD were
systematically observed. In
this study, bile acids in clinical
samples were quantitatively
analyzed first. Then, whether
there existed changes in bile
acid spectrum in patients with
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Figure 5. Significant differences existed in the relative abundance of Gem-
miger before and after administration ("P<0.05). BT: before treatment; AT:

after treatment.

Table 2. Difference of intestinal microbial abundance in different
metabolic pathways before and after administration

mild  cognitive  impairment
(MCI) and whether such chang-
es were related to cognitive
decline were analyzed. At the
same time, the correlation
between bile acid (BA) and ATN
(B-amyloid protein, tau protein,
nerve degeneration) was ana-
lyzed; then, the variation of BA

Mean Mean
Metabolic pathways abundance abundance
of AT group of BT group

spectrum induced by the
changes of bacterial types and
enzyme activities in the liver

P-value

Ether lipid metabolism 0.000738979 0.001753797 0.013104663

and intestinal flora were deter-

Note: AT: after treatment; BT: before treatment.

stored in the gallbladder and then released in
the gut. Then, bile acids emulsify dietary fat
into smaller particles and enhance the degra-
dation of lipase on triglycerides to further form
fatty acids. At the same time, bile acids interact
with a variety of receptors to become important
signaling molecules involved in metabolic path-
ways, such as glucose metabolism and lipid
metabolism.

The homeostasis of bile acid is regulated by
intestinal flora, which indirectly affects various
physiological and pathological processes of
host. The changes of intestinal flora structure
not only affect the composition of bile acids,
but also affect the corresponding receptor sig-
naling pathway, which further plays an impor-
tant role in lipid metabolism regulation. Rima
Kaddurah-Daouk and lJia Wei carried out a
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mined by the BA ratio; in addi-
tion, whether the differentially
expressed genes related to AD
immunity were related to differential BA mark-
ers was also explored.

The analysis about the bile acid spectrum of
the AD group and the normal group showed sig-
nificantly decreased primary bile acid cholic
acid (CA), and obviously increased secondary
bile acid Deoxycholic acid (DCA) and conjugat-
ed bile acid such as glycodeoxycholic acid
(GDCA), Taurodeoxycholic acid (TDCA) and
Glycosylcholic acid (GLCA) [19]. No significant
change was found in the ratio of CA to CDCA in
AD patients, but the ratio of DCA to CA was sig-
nificantly correlated with the diagnosis of AD. In
addition, GDCA/CA, DCA/CA and GLCA/CDCA
were all closely correlated with Alzheimer’s
Disease Assessment Scale-Cognitive 13
(ADAS-Cog13). Analysis of these ratios revea-
led that the higher the ratio of secondary to pri-
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mary bile acids was, the worse the cognitive
performance was. In addition, decreased CA
level and increased levels of GDCA/CA and
TDCA/CA were found during the progression
from MCI to AD, which may be used as markers
for judging and evaluating MCI progression.
These above studies reveal that lipid metabo-
lism pathway is an important pathway of bacte-
rial community metabolism. Besides, there
existed a significant difference in microbial
abundance before and after treatment of
Aricept. Aricept may regulate BA level by acting
on the target receptors of metabolism related
pathways, and then further affect the structure
of bacterial community, thus improving the cog-
nitive function of AD patients.

Analysis of drug target network of Aricept

Through the drugbank database analysis, we
found that Aricept directly acted on 10 target
proteins. The interaction relationship between
the targets of Aricept and other proteins was
established by comparing the HRPD protein
interaction database. Then, the targets net-
work of Aricept was established using the soft-
ware of cytoscape (see Figure 6 for details)
[20]. There are 24 target receptors in the net-
work, and the Gene Ontology analysis about
these 24 target receptors was performed using
funrich software [21]. We find that cell compo-
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Figure 6. Targets network of Aricept.

nents mainly concentrate in

the plasma membrane and

extracellular region; molecular

functions mainly concentrate

in catalytic activity and G pro-

tein coupled receptors; bio-

logical processes are mainly

enriched in energy metabo-

lism; and biological pathways

are mainly concentrated in pro-

teoglycan, interferon GAMMA

e and other metabolic pathways

NeA (Figure 7). Studies have shown

that bile acids can also be

used as important signal mol-

ecules in regulating glucose,

fat and energy metabolism. In

addition, the secretion of intes-

tinal hypoglycemic hormones

in the intestine, gluconeogen-

esis in the liver, where aglyco-

gen synthesis and energy con-

sumption, inflammation and

composition of intestinal flora

are all affected by the combination of bile acids

with Takeda G protein receptor 5 (TGR5) and

nuclear hormone farnesoid X receptor (FXR)

[22]. These above functions of bile acids are

similar to the molecular function of Aricept’s
targets.

Discussion

In our present study, commonly reduced
Firmicutes was found in mild AD patients who
were treated with Aricept for a month. The tar-
get receptors directly or indirectly affected by
Aricept are mainly concentrated in the plasma
membrane and extracellular region; the molec-
ular functions are mainly concentrated in cata-
lytic activity and G-protein coupled receptors;
energy metabolism is the main biological pro-
cess; and biological pathways mainly focus on
proteoglycans, interferon GAMMA and other
metabolic pathways. Bile acids are mainly
involved in lipid energy metabolism. Besides,
there exist certain interactions between bile
acid and intestinal flora [23]. Through the deg-
radation of bile acid, Intestinal flora affects the
size of the bile acid pool and the proportion of
bile acid components. In turn, bile acids regu-
late lipid, glucose and energy metabolism by
regulating the homeostasis of intestinal flora.
Through binding with FXR and TGR5, Bile acids
affect intestinal hypoglycemic hormone secre-
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Figure 7. Analysis of target receptor gene function and pathway in the drug target network of Aricept. A: Cellular component analysis; B: Molecular function analysis;
C: Biological process analysis; D: Biological pathway analysis.
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tion, hepatic gluconeogenesis, glycogen syn-
thesis, energy consumption, inflammation and
intestinal flora composition. These above views
are consistent with the differential metabolic
pathways of bacteria and the molecular func-
tions of drug targets revealed in this study.
Therefore, Aricept may affect the molecular
function of the cluster target G protein coupled
receptor, the biological process of energy
metabolism, and the biological pathway of pro-
teoglycan. In addition, Aricept and bile acids
have synergistic or other regulatory effects on
lipid and energy metabolism, and improve the
symptoms of mild AD by changing the structure
of intestinal flora together. In other words,
Aricept and bile acids regulate the activity of
the host’s nervous system via intestinal flora
regulation.

AD may originate from the intestine and is
associated with the imbalance of intestinal
flora. In the follow-up study, we will detect the
correlation between bile acid levels and brain
magnetic resonance imaging (MRI) before and
after treatment. The correlation between them
and bacterial imbalance would also be explored.
To sum up, through the comparative analysis of
mild AD populations before and after treat-
ment, Firmicutes was found to be commonly
decreased in AD patients after treatment. This
study suggests that intestinal flora may not
only change in the early stage of AD, but also
affect the whole process of AD progression.
The changed characteristics of AD related flora
composition will also contribute to a more in-
depth and systematic study about the interac-
tion between host and intestinal flora in metab-
olism and immunity, and reveal the role of flora
in the occurrence and development of AD.

The deficiency of this study lies in the strict
restriction of the inclusion criteria, which leads
to a long clinical sampling period and the limit-
ed number of patients. In addition, the research
methods used here are relatively single, and
the multi-group data are not integrated for
association analysis. The highly expressed or
specifically expressed miRNA in the retina of
AD model mice found in our preliminary experi-
mental research group is likely to be a potential
marker of AD. However, the relevant clinical tri-
als have not been carried out because the ani-
mal experiments are not completed. Moreover,
head MRI examination is difficult to carry out
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because of the low coordination degree of AD
patients. In the follow-up study, we will collect
larger sample data at different time points in
the process of AD progression through multi-
center clinical trials, and conduct feature
extraction on MRI data of brain functional
images for AD patients in different stages.
Meanwhile, the miRNA data of AD patient’s ret-
ina will be integrated for correlation analysis. In
general, through the integration of omics data
at different levels, we hope to find potential
markers of AD and provide theoretical basis for
the development of innovative drugs targeting
AD.
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