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The characteristics analysis of intestinal
microecology on cerebral infarction patients
and its correlation with apolipoprotein E
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Abstract
Cerebral infarction (CI) is associated with high rates of disability, mortality, and death in China, but its mechanism is unclear. Therefore,
early diagnosis of CI and determining its mechanism are very important. Intestinal microecology is thought to be related to
cardiovascular and cerebrovascular diseases.We hypothesized that intestinal microecology is also related to CI and that the intestinal
microecology in the stool of CI patients differs from that in healthy people.
Fecal samples of healthy subjects and CI patient (all n=10) and we investigated the intestinal microecology of CI patient and

healthy people stool by 16seconds sequencing and analyzed relative abundance and diversity of microorganisms by unweighted
pair-group method with arithmetic mean analysis (UPGMA) and principal co-ordinates analysis (PCoA). We also measured
apolipoprotein E (ApoE) levels in the serum by ELISA assay and analyzed the correlation between ApoE and intestinal flora.
We found that the relative structure and diversity of intestinal microecology was significantly different between the stools of CI

patients and healthy people. At the class level, Gammaproteobacteria was increased and Bacteroidia was decreased in CI patient
stool. We found a correlation between ApoE in the serum and Bacteroidia and Gammaproteobacteria species.
We considered the intestinal flora can be used as an indicator of CI and the up-regulation of ApoE may be the potential mediate for

intestinal microecology contribute to CI.

Abbreviations: ApoE = apolipoprotein E, CI = cerebral infarction, PCoA = principal co-ordinates analysis, UPGMA = unweighted
pair-group method with arithmetic mean analysis.
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1. Introduction

Although great progress has been made in the diagnosis and
treatment of cerebral infarction (CI), disability rates, andmortality
Editor: Pricivel Carrera.

WW, XL and XY These authors contributed equally to this work.

Ethics: Approval for the study was granted by the Tianjin Huanhu Hospital
medical ethics committee (ethics approval number is 2017-5).

Conflicts of interest: No potential conflicts of interest are disclosed.

Funding: This study was supported by National Natural Science Foundation of China
(Grant No.31501159), Tianjin Public Health Key Research Project (Grant
No.15KG108), Tianjin Science and Technology Key Project on Chronic Diseases
Prevention and Treatment (Grant No. 16ZXMJSY00020), Scientific Research Project
on Traditional Chinese Medicine / Integrative Medicine of the Tianjin Health and Family
Planning Commission (Grant No.2017084), Tianjin Municipal Special Program of
Talents Development for Excellent Youth Scholars, China (Grant No. TJTZJH-
QNBJRC-2-9), Tianjin 131 Creative Talents Cultivation Project (1st Class, 2016).

The authors report no conflicts of interest.
a Department of Prevention and Health Care, b Department of Clinical Laboratory,
c Tianjin Neurosurgical Institute, Tianjin Key Laboratory of Cerebral Vessels and
Neural degenerative disease, Tianjin Huanhu Hospital, Tianjin, China.
∗
Correspondence: Xiuli Cheng, Department of Clinical Laboratory, Tianjin Key

Laboratory of Cerebral Vessels and Neural degenerative disease, Tianjin Huanhu
Hospital, 6 Jizhao Road, Tianjin 300350, P.R. China
(e-mail: chengxl890_beauty@126.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2018) 97:41(e12805)

Received: 30 December 2017 / Accepted: 19 September 2018

http://dx.doi.org/10.1097/MD.0000000000012805

1

remain high. Approximately 15,000,000 people worldwide
suffer from stroke each year and 6 million people die from stroke.
CI accounts for approximately 70% to80% of all strokes, and
most of these incidents result in disability.[2] Therefore, early
diagnosis and treatment of CI and its complications are very
important.
The structure of the intestinal flora is complex, and a normal

flora structure is very important for maintaining human
metabolism, immune, endocrine, and other physiological
functions. Disruptions of the flora structure can lead to diabetes,
obesity, and many other diseases.[3] The intestinal flora is
involved in many physiological processes in the host, and recent
studies have shown that immune and oxidative stress pathways
affect the intestinal microflora and are involved in disease.
Improving microecological therapy of the intestinal flora may be
useful for preventing and treating some diseases.[4] In this study,
we investigated the intestinal flora of patients with CI, explored
the relationship between intestinal flora imbalance and CI, and
analyzed whether the intestinal microflora can be used as a
marker for early diagnosis of CI.
Apolipoprotein E (ApoE) is thought to be closely related to the

development of CI and a risk factor for CI.[5,6] This study was
designed to investigate the correlation between ApoE and the
intestinal flora.
2. Methods

2.1. General information

In this study, 10 patients with CI diagnosed and treated and 10
healthy controls from May 2015 to March 2017 in Tianjin
Huanhu Hospital, were selected as subjects. These subjects were
53 to 82 years old and had an average age of 64 years old. There
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Figure 1. Relative abundance of microorganisms in stool of healthy people and CI patients. (A) Relative abundance of microorganism in stool of healthy people and
CI patients. (B) Relative abundance of microorganisms in the stool of the healthy group and CI group. (C) Histogram of relative abundance of microorganism in stool
of healthy people and CI patients. ∗, compared to healthy patients, P< .05. (D) Heatmap of microorganisms in stool of healthy people and CI patients. (E)
Phylogenetic relationship species annotation of operational taxonomic units of top 9 in the intestinal flora of healthy volunteers and CI patients. CI=cerebral
infarction.

Wang et al. Medicine (2018) 97:41 Medicine
were 10 male and 10 female subjects who had not been treated
with antibiotics for 3 months before the study. The healthy
control group underwent physical examination and were shown
to not to have metabolic disease, cerebrovascular disease,
malignant tumors, or other conditions. Approval for the study
was granted by the Tianjin Huanhu Hospital medical ethics
committee (ethics approval number is 2017-5).
2

2.2. Genomic DNA extraction and PCR amplification

After sampling, 500mg of fecal matter was collected and the fecal
genome was extracted using an Extraction Kit (Beijing Tiangen
Biochemical Technology Co., Ltd., Beijing, China). Total RNA
was extracted according to the kit instructions. The samples were
diluted to 1ng/mL with sterile water.



Figure 2. Microorganisms in stool of healthy people and CI patients. (A) Microbial alpha diversity analysis in stool of CI patients and healthy people. (B) Microbial
beta diversity analysis in stool of CI patients and healthy people. A lower value represents higher microbial composition consistency. (C) Microbial PCoA analysis in
stool of CI patients and healthy people. (D) UPGMA analysis in stool of CI patients and healthy people. (E) Taxtree of stool in CI patients and healthy people. CI=
cerebral infarction, PCoA=principal co-ordinates analysis, UPGMA=unweighted pair-group method with arithmetic mean analysis.
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The genomic DNA was diluted and used as a template and
specific primers with a barcode were used for PCR amplification
using Phusion High-Fidelity PCR Master Mix with GC Buffer
(New England Biolabs, Ipswich, MA, USA) and efficient and
high-fidelity enzymes.
The 16S and V4 primers (515F and 806R) were used to

evaluate bacterial diversity, 18S andV4 primers (528F and 706R)
were used to determine the diversity of eukaryotic micro-
organisms, and ITS1 primers (ITS5-1737F and ITS2-2043R)
were used to examine fungal diversity and the 16S V3-V4/16S
V4-V5 region, archaeal 16S V4 region, and 18S V9 and ITS2
regions.
2.3. Construction and sequencing of the cDNA library

Using TruSeqDNAPCR-Free Sample Preparation Kit Library Kit
(Illumina, San Diego, CA, USA) for library construction, the
constructed library was quantified by Qubit and quantitative-
PCR using the qualified library. Sequencing was performed using
a HiSeq2500 PE250 (Illumina).
2.4. Serum ApoE level

Five milliliters of venous blood were collected from 10 CI patients
and healthy volunteer after fasting overnight and centrifuged at
3

300�g for 10minutes. The serum level of ApoE was measured
by ELISA kit (R&D Systems, Inc).
2.5. Statistical analysis

SPSS 11.0 software (SPSS, Inc., Chicago, IL, USA) was used for
data analysis. Groups were compared using the t test. The Turkey
and Wilcox rank sum tests were used to analyze differences in
species beta diversity. Differences were considered significant
when P< .05. Qiime software (Version, 1.7.0) was used to
calculate the Unifrac distance and construct the unweighted pair-
group method with arithmetic mean analysis (UPGMA) sample
clustering tree. R software (Version 2.15.3) was used to draw and
analyze the principal co-ordinates analysis (PCoA) diagram and
determine the difference in the beta diversity indices between
groups.
3. Results

3.1. Structure differences in intestinal flora in healthy
volunteers and patients with CI

Based on species annotation, we found the maximum abundance
of the intestinal flora in healthy volunteers and patients with CI at
the class level and ranked these classes as the top 10 (Fig. 1A). A
column diagram of the relative abundance of species was
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Figure 2. Continued
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generated (Fig. 1B). Species annotation and determination of
abundance at the class level were performed for the fecal samples
from all healthy volunteers and patients with CI, and the top 35
species were selected for analysis (Fig. 1C). The intestinal flora in
the CI patient group significantly differed from that in the healthy
control group. An abundance comparison of the top 20
different microorganism is shown in Fig. 1D. We also found
that Ruminococcus, Bacteroides, Prevoteella, Parabacteroides,
Dialister, Faecalibacterium, Megamonas, Roseburia, and
Escherichia were the 9 most abundant genera in CI patients
(Fig. 1E).

3.2. Complexity analysis of intestinal flora in healthy
volunteers and patients with CI

The alpha diversity of multiple samples (Fig. 2A) was compared
and analyzed to determine the microbial diversity of each group.
We found that microbial diversity in CI patients was lower than
that in healthy controls. A beta diversity heatmap was used to
4

analyze the community structure by weighted unifrac and
unweighted unifrac (Fig. 2B). The structure characteristics of
each bacteria group were analyzed by PCoA. We found
significant differences in the intestinal microflora between healthy
volunteers and patients with CI, while the samples in each group
showed a similar bacterial structure (Fig. 2C). UPGMA was
conducted to investigate the similarity of each sample (Fig. 2D).
The taxonomic tree of healthy volunteers and CI patients is
shown in Fig. 2E. The abundance percentage of microorganisms
by species classification in healthy volunteers and CI patients
stool was determined.

3.3. Correlation of ApoE and intestinal flora in healthy
volunteers and patients

We examined the correlation of ApoE and Bacteroidia and
Gammaproteobacteria in CI patients and healthy volunteers
(Fig. 3). The results suggested a correlation with intestinal flora in
the CI process.



[10]

Figure 3. Correlation of serum ApoE and intestinal flora in stool of healthy people and CI patients. Correlative analysis of serum ApoE and Bacteroidia (A) and
Gammaproteobacteria (B) in stool of healthy people and CI patients. ApoE=apolipoprotein E, CI=cerebral infarction.
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4. Discussion
Intestinal flora can affect an organism by modulating the host
metabolic products or via its own metabolic products, and
monitoring and controlling the changes in the intestinal flora can
help maintain a balance between the micro-ecology and
environmental changes.[7] Intestinal flora play an important role
in the development of ischemic stroke related risk factors such as
obesity, diabetes mellitus, hyperlipidemia, and hypertension.[8]

The brain-gut-microbiome axis was recently proposed and is
important in studies of intestinal microflora and the prognosis of
stroke.[9] Intestinal microflora canmove from the gastrointestinal
tract to other organs, inducing systemic immune and inflamma-
5

tory responses. Immune and inflammatory reactions have
been shown to be important in the mechanism of cerebral
ischemia injury.[11] This study was conducted to investigate the
intestinal flora structure in patients with CI. We found that while
the CI and healthy groups had low similarity in intestinal flora,
they had similar bacterial flora. In patients with CI, there was a
significant increase in fecal bacteria, such as Gammaproteobac-
teria, while Bacteroidia showed a significant decrease compared
with healthy group. The intestinal flora may play an important
role in CI. The diagnosis and prognosis of acute CImainly depend
on medical history, physical examination, and imaging exami-
nation; thus, characteristic indices showing significant differences

http://www.md-journal.com


Wang et al. Medicine (2018) 97:41 Medicine
in the intestinal microorganisms in patients with CI may be useful
for the early diagnosis and prognosis prediction of CI.
ApoE is thought to play a regulatory role inmany physiological

and pathological processes such as development, metabolic
disease, and cardiovascular and cerebrovascular diseases.[12] A
previous study showed that ApoE is a multifunctional protein
that is important for lipoprotein metabolism and can be used as a
biological marker of disease.[13] A recent study found that ApoE
was significantly up-regulated in the plasma of patients with CI
and is associated with a CI risk in the Asian population,[14,15]

suggesting that it plays an important role in CI.
Our previous study showed that ApoE levels in the serum of

patients with CI were significantly higher than those in the
healthy group.[16,17] Additionally, there was a correlation
between ApoE and Bacteroidia and Gammaproteobacteria.
Bacteroidia and Gammaproteobacteria are the major micro-
organisms in the human intestine and play important roles in lipid
metabolism. In this study, we found that the abundance of
Bacteroidia, which is negatively correlated with ApoE, was
decreased, while the abundance of Gammaproteobacteria, which
is positively correlated with ApoE, was increased.
In previous reports, there are some ways for gut microbiota

affect the lipid metabolism including ApoE, for example,
changing food digestive efficiency, producing metabolite such
as short-chain fatty acid, secondary bile acids, endotoxin, and so
on.[18,19] We considered that ApoE metabolism was impacted
due to abnormal abundance of Bacteroidia and Gammaproteo-
bacteria which decreased food digestive efficiency and interfered
metabolite of gut microbiota. Therefore, Bacteroidia and
Gammaproteobacteria may affect the CI process through ApoE
metabolism. There also are some reports described that there was
a different abundance of gut microbiota in ApoE knockout rat
compared with wide type rat, indicating ApoE metabolism
abnormality could change intestinal microecology.[20,21]

5. Conclusion

In sum, we considered the intestinal flora can be used as an
indicator of the occurrence and development of CI. We also
found observed lipid disorders, for example, ApoE in CI.
Therefore, an abnormal intestinal microbiota may induce
metabolic disorders involving blood lipids to induce CI.
However, there also were some limitations in this study, for
example, it need more samples to certified the relationships
between the intestinal microbiota and CI, and more penetrating
exploration of themechanism for intestinal microbiota induce the
up-regulation of ApoE in further studies.
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