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Aim: Recent studies have suggested that metabolic disorders such as obesity and type 2 diabetes are
associated with gut microbiota. The association between atherosclerosis and gut microbiota has also
been attracting increased attention. Our aim was to specify a characteristic trend of gut microbiota in
coronary artery disease (CAD).

Methods: This study included 39 CAD patients, 30 age- and sex-matched no-CAD controls (Ctrls)
with coronary risk factors and 50 healthy volunteers (HVs) without coronary risk factors. Bacterial
DNA was extracted from their fecal samples and analyzed by terminal restriction fragment length
polymorphism.

Results: A characteristic change of gut microbiota was observed in CAD patients, where the order
Lactobacillales was increased (CAD, Ctrl vs. HV; 13.6% *12.0%, 6.2% =7.7% vs. 4.1% +5.9%; p<
0.001) and the phylum Bacteroidetes (Bacteroides+ Prevotella) was decreased (CAD, Cul vs. HV;
35.5% = 11.6%, 43.9% =11.2% vs. 47.4% =11.5%; p<0.001). The CAD group was over-repre-
sented in enterotype “others” (III), compared with the Ctrl or HV group (p<0.001, chi-squared
test), although we could not deny the possibility that some drugs affect the gut flora types.
Conclusions: Although this study had some limitations, we demonstrated that the incidence of CAD
was linked with an alteration of gut microbiota. A prospective study is desired to clarify a causal rela-
tionship between CAD and gut microbiota.
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ronment have all been found to affect the individual

Introduction composition of gut microbiota®?. Despite the diver-

The human gastrointestinal tract is estimated to
contain approximately 100 trillion (10') bacterial cells,
comprising 1,000 bacterial species. This large array of
gene products performs a diverse range of biochemical
and metabolic activities to complement the host phys-
iology. Host diet, lifestyle, hygiene, host genetics, use
of antibiotics, and bacterial composition of the envi-
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sity among individuals, the unique core of gut micro-
biota composition has remained remarkably stable
over time, suggesting that intestinal bacteria may be a
potential risk factor for human diseases?.

The natural ability of gut microbiota to affect
host immunity is an important therapeutic target for
many mucosal and nonmucosal immune-related condi-
tions, such as inflammatory bowel diseases, metabolic
syndrome, autoimmune diseases, diabetes, and chronic
inflammatory diseases?. Gut microbiota actively regu-
late the host immune system, and recent studies have
revealed that specific commensal bacterial species
induce the accumulation of specific immune cell pop-
ulations, for example, Foxp3+ regulatory T cells
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(Tregs)> . We previously demonstrated that oral CD3
antibody or vitamin D3 can inhibit the progresion of
atherosclerosis by increasing Tregs via modulating ine-
testinal immune system in mice” ¥, and coronary artery
disease (CAD) patients have reduced Treg and Treg/
Teff ratio compared with healthy controls”. Thus, we
supposed that the composition of gut microbiota
affects CAD 7.

Recent studies have shown that obesity is associ-
ated with changes in the relative abundance of the two
dominant bacterial phyla, Bacteroidetes and Firmicutes;
Firmicutes is predominant in the guts of obese indi-
viduals'. Turnbaugh et 4l. first demonstrated that
transplanting fecal microbiota from obese mice into
germ-free mice resulted in the efficient transmission of
the obese phenotype into the recipients, which sug-
gested that a change of microbiota could be a cause of
the obese phenotype 2.

The association between atherosclerosis and gut
microbiota has been attracting increased attention'® 9.
A recent study reported that the gut microbiota-depen-
dent metabolite, trimethylamine NV oxide (TMAO), is
associated with the incidence of cardiovascular disease.
Oral dietary supplementation with choline or L-carni-
tine, which are metabolized to TMAO by gut micro-
biota and liver enzymes, was shown to increase aortic
root atherosclerotic plaque levels in apolipoprotein
E-null mouse model. This effect was not observed in
germ-free mice or with antibiotics-treated conditions,
suggesting that gut microbiota are essential for choline
metabolism and atherogenesis'> 1.

Aim

Our aim of this study was to investigate a link
between gut microbiota and CAD and to specify a
characteristic trend of gut microbiota in CAD. Karls-
son et al. identified several compositional and func-
tional alterations in the gut microbiota population
that may be related to symptomatic atherosclerosis in
patients who had undergone carotid endarterec-
tomy'”). However, it remains unclear whether CAD is
associated with compositional changes of gut microbi-
ota. We analyzed gut microbiota derived from fecal
samples of CAD patients, which were compared with
those from controls (Ctrls) and healthy volunteers
(HVs) using terminal restriction fragment length poly-
morphism (T-RFLP) analysis. T-RFLP analysis is one
of the most well-established and reliable 16S ribo-
somal RNA-based methods, especially when consider-
ing its high throughput and reproducibility'®.

Methods

Recruitment of Patients and Volunteers

We compared the composition of gut microbiota
among the CAD, Cul, and HV groups in this small
case-control study. Thirty-nine CAD patients and 30
Culs with coronary risk factors were recruited from
Kobe University Hospital. Blood samples were col-
lected after an overnight fasting. Fecal samples were
collected at Kobe University Hospital under the hos-
pital diet. Fifty HVs without coronary risk factors were
recruited from a health medical center, Kenko Life
Plaza, Hyogo Health Service Association. Fecal sam-
ples were collected at home under the usual diet.

The CAD group was defined as patients with sta-
ble angina pectoris and old myocardial infarction, with
preserved left ventricular ejection fraction (>40%)
who underwent percutaneous coronary intervention
or coronary artery bypass graft surgery and for at least
6 months interval; acute coronary syndrome patients
were excluded. Single- or multi-vessel disease referred
to the number of major coronary vessels demonstrat-
ing >75% stenosis on diagnostic coronary angiogra-
phy.

Thirty patients who had coronary risk factors
such as hypertension, diabetes, and/or dyslipidemia,
but who did not have coronary or other vascular dis-
eases were recruited as age- and sex-matched Cirls.
The criteria for inclusion in the HV group were no
history of vascular disease or treatment for hyperten-
sion, diabetes or dyslipidemia. No history of coronary
or other vascular disease was defined as no docu-
mented vascular disease, symptoms indicating angina
pectoris, abnormality in electrocardiogram indicating
old myocardial infarction or angina pectoris, or abnor-
mality in the chest X-ray.

Patients with systemic diseases, including hepatic
disease, renal disease (serum creatinine levels >2.0 mg/
dl), collagen disease, and malignancy, were excluded
from all groups. Patients treated with antibiotics were
also excluded. Diabetes was defined as HbAlc >6.5%
(National Glycohemoglobin Standardization Program)
use of oral antidiabetic drugs, or insulin therapy.
Hypertension was defined as blood pressure >140/90
mmHg or use of antihypertensive drugs. Dyslipidemia
was defined as low-density lipoprotein cholesterol
> 140 mg/dl, triglycerides >150 mg/dl, or use of anti-
dyslipidemic drugs, based on the guideline of Japan
Atherosclerosis Society!”.

This study was performed in compliance with
the Declaration of Helsinki and was approved by the
Ethics Committee of Kobe University (No.1318) and
Kenko Life Plaza, Hyogo Health Service Association.
All subjects provided oral and written informed con-
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Fig. 1. Distribution of gut microbiota and classification of enterotype in the coronary artery disease (CAD), control, and healthy
volunteer groups (A) Representative profiles of gut microbiota. (B) Dendrogram of the similarity was shown. (C) Entero-
type “others” (IIT) was enriched in CAD group (p<0.001, chi-squared test). The terminal restriction fragment length poly-
morphism patterns were analyzed using Pearson’s correlation and the unweighted pair-group method with arithmetic mean
algorithm. Enterotypes were defined as follows: I, >30% Bacteroides; 11, >15% Prevotella; and the remaining as “others” (III).

sent to participate in this study.

T-RFLP

T-RFLP analyses of fecal samples were performed
by TechnoSuruga Laboratory (Shizuoka, Japan). DNA
was extracted from fecal samples and then amplified
by polymerase chain reaction. The resulting 16S
rDNA amplicons were treated with Bs/I (New Eng-
land BioLabs). The details were shown in Supplemen-
tal Methods.

Statistical Analysis

The distances were calculated to determine any
similarity among the samples and were represented
graphically by constructing a dendrogram. Pearson’s
correlation analysis and the unweighted pair-group
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method with arithmetic mean were used to establish
the type of dendrogram, which was calculated by Gene
Maths (Applied Maths, Belgium) (Fig.1B). Data rep-
resent the mean * standard deviation. Continuous para-
metric data were compared using one-way ANOVA
test followed by Tukey’s post-hoc analysis. Nonpara-
metric data were compared using the Kruskal —Wallis
test, followed by Dunn’s post-hoc analysis. Categorical
variables are presented using frequency counts, and
intergroup comparisons were analyzed by the chi-
squared tests. Pearson’s correlation analysis was used
for statistical correlation between two parameters. Fac-
tors with univariate p<0.05 were entered into the
multivariate analysis. Age and sex were entered into
the multivariate model as an exception. All statistical
analyses were two sided; »<0.05 was considered sta-
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Table 1. Bascline characteristics and laboratory data of the study population

Variables CAD Total Multi-vessel disease Single-vessel disease Crl HV
(n=39) (n=28) (n=11) (n=30) (n=50)
Characteristics
Age (years) 61.1+£9.4 59.5%9.2 65.1%9.7 62.1+6.4 58.7%x7.3
Sex (male,%) 85 86 82 77 78
BMI (kg/m?) 25.7%4.1 25.9%4.2 25.2%4.2 25.6%4.1 22.4%2.4™F
History of smoking (%) 71%* 76 55 50 56
Current smoking (%) 17* 21 9 7 32*
Dyslipidemia (%) 95* 93 100 63 50
Hypertension (%) 87 86 91 83 207
Diabetes (%) 38 46 18 40 2%
Medications
Anti diabetes drug (%
(including insulingtiler)apy) 38 46 18 37 0
Statin (%) 92 *** 89™* 100 40 0
ACE-I/ARB (%) 74% 75 73 47 0
B-blocker (%) 54* 54 55 23 0
Calcium channel blocker (%) 56 54 64 37 0
PPI/H2 blocker (%) g5 *H* 93** 100** 53 0
Anticoagulant (%) 107 7 18 57 0
Antiplatelet (%) 100 *** 100*** 100*** 0 0
Laboratory data
AST (U/) 25.5%13.6 26.0%14.1 243135 25.8+11.3 20.6%5.0
ALT (U/D) 26.5%20.4 27.8%21.8 23.4%18.0 25.7%14.5 20.3+10.8
BUN (mg/dL) 16.4%5.1 15.8+3.6 17.9+8.0 16.6%4.0 13.8+2.76"
Creatinine (mg/dL) 0.87%0.27 0.83£0.16 0.98+0.34 0.94%0.25 0.77+0.14™*
HDL-C (mg/dL) 43.4+93% 43.3+9.74 43.9%8.8 523129 64.6+15.9%*
LDL-C (mg/dL) 90.4+22.7% 90.9+23.9 89.1%21.4 108.5£29.6  130.9%27.7*"
TG (mg/dL) 186.7+126.5* 172.9%119.0 221.7%149.2" 1248557  101.6%61.2
HbAlc (NGSP%) 6.64%1.56 6.66+1.53 6.59%1.77 6.36+1.04 5.45 % 0.40 ™
CRP (mg/dL) 0.11£0.12 0.12+0.13 0.06£0.07 0.13+0.22 0.100.18

Results are expressed as the mean=SD or %. Comparisons were performed using the Kruskal-Wallis test, one-way ANOVA test or chi sqared test
followed post-hoc analysis. Natural logarithmic transformation is used for comparison of TG and CRP. Comparisons among all CAD, Cul, HV
groups and those among multi- disease and single- vessel, Ctrl and HV groups were performed separately. There was no significant differ-
ence in each parameter between multi- and single- vessel disease. Single- or multi- vessel disease in the CAD group referred to the number of major
coronary vessels demonstrating >75% stenosis on diagnostic coronary angiography. P values show the result against controls (*»<0.05, **»<0.01,
<0.001).

ACIII;I, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate aminotransfer-
ase; BMI, body mass index; BUN, blood urea nitrogen; CAD, coronary artery disease; Ctrl, controls; CRP, C-reactive protein; H2 blocker, hista-
mine H2-receptor antagonist; HDL-C, high-density lipoprotein cholesterol; HV; healthy volunteers; LDL-C, low-density lipoprotein cholesterol;
NGSP, National Glycohemoglobin Standardization Program; TG, triglycerides; PPI; proton pomp inhibitor.

tistically significant. For statistical analysis, GraphPad ease), Ctrl, and HV groups are presented in Table 1.
Prism version 6.0 (GraphPad Software; San Diego, It was difficult to match the clinical background among
CA, USA) and Medcalc Software (version 14.12; Mar- CAD, Cul, and HV groups as shown in Table 1.
iakerke, Belgium) were used. Especially, the background medication between the

three groups was greatly different, and it was the limi-
tation of this study. There was no significant differ-

Results ence in body mass index (BMI), percentage of hyper-

Baseline Characteristics tension, and diabetes patients between the CAD and
The baseline characteristics, medications, and lab- Ctl groups. The HV group received no medications.
oratory data of the CAD (multi- and single-vessel dis- There was no significant difference in clinical back-
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Fig.2. Comparison of the order Lactobacillales. (A) The percentage of each group of gut microbiota was compared among the coro-
nary artery disease (CAD), control (Ctrl), and healthy volunteer (HV) groups. The percentage of the order Lactobacillales
was increased (B) in the CAD group (CAD, Cul vs. HV) (C) especially in CAD patients with multi-vessel disease (multi-
and single-vessel disease vs. Ctrl). Closed circles indicate the CAD group; gray squares indicate the Ctrl group, whereas open
triangles indicate the HV group. Single- or multi-vessel disease referred to the number of major coronary vessels demon-
strating >75% stenosis on diagnostic coronary angiography. Kruskal —Wallis test followed by Dunn’s post-hoc analysis was
used to calculate p-values (*p<0.05, **p<0.01, and ***p<0.001).

grounds between multi- and single-vessel diseases in

the CAD group.

Distribution of Gut Microbiota and Enterotypes
The results of the T-RFLP comparison of gut
microbiota distribution among the CAD, Cul, and
HV groups are shown in Fig.1A—C. T-RFLP using
BslI could classify gut microbiota into the following
10 groups: Prevotella, Bacteroides, Lactobacillales, Bifi-
dobacterium, Clostridium cluster IV, Clostridium sub-
cluster XIVa, Clostridium cluster IX, Clostridium cluster
X1, Clostridium cluster XVIII, and others, combining
the operational taxonomic units that belonged to the
same group. Representative distributions of gut micro-
biota are shown in Fig. 1A. The samples were divided
into seven clusters according to a similarity setting.
Clusters 5 and 6 consisted mainly of CAD patients (5,
80%; 6, 63%), whereas clusters 2, 3, 4, and 7 pre-
dominantly contained Ctrl or HV individuals (2,
83%; 3, 80%; 4, 91%; and 7, 82%; Fig. 1B). Arumu-
gam et al. suggested that the human gut microbiota
could be stratified into three enterotypes: enterotypes
I, II, and III were predominant in Bacteroides, Pre-
votella, and Ruminococcus, respectively®”. However,
different contributors can identify enterotype III,
depending on the source of sequences; this cluster can
also be characterized by low levels of Bacteroides and
Prevotella rather than a dominant genus'”. In contrast,
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Ding e al. demonstrated that human gut microbiota
could be divided into four community types; Bacteroi-
des and Prevotella were also key gut microbiota that
could be divided into four types*”. According to the
two reports described above, we defined enterotype I as
Bacteroides >30%, enterotype 11 as Prevotella >15%,
and the remaining as enterotype “others” (III), using
this T-RFLP analysis of gut microbiota?® *". Data
revealed that CAD patients were over-represented in
the enterotype “others” (III) compared with the Ctrl
or HV group (p<0.001, chi-squared test; Fig. 1C).

The Order Lactobacillales

We found that the order Lactobacillales was sig-
nificantly increased in the CAD group, compared with
the Cutrl or HV group (CAD, Cul vs. HV; 13.6%
12.0%, 6.2%=7.7% vs. 4.1%%5.9%; p<0.001,
Fig. 2A and B). However, there was no significant dif-
ference in any other groups of gut microbiota between
the Ctrl and HV groups (Fig. 2A). Although the sam-
ple size was too small to achieve completely reliable
evaluation by logistic regression analysis, we could
show that this increase of the order Lactobacillales was
an independent factor from the known risk factors
like type 2 diabetes, dyslipidemia, history of smoking,
and hypertension (Table 2A). However, drugs could
be confounding factors for the presence of CAD
(Table 2B). The percentage of the order Lactobacillales
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Table 2. Logistic regression analysis for the presence of coronary artery disease (CAD) in the CAD and control (Ctrl) groups (2=69).

Univariate regression

Multivariate regression

(A) Variables

OR (95%CI) 2 value OR (95%CI) 2 value
Age 0.99 (0.93-1.05) 0.63 0.97 (0.90-1.04) 0.43
Sex 1.67 (0.50-5.63) 0.41 2.50 (0.64-9.73) 0.19
BMI (kg/m?) 1.01 (0.90-1.13) 0.88 Not selected
DM 0.94 (0.35-2.48) 0.90 Not selected
HT 1.36 (0.36-5.21) 0.65 Not selected
DL 10.7 (2.15-53.32) 0.004™* 9.64 (1.76-52.78) 0.009**
History of smoking 2.55(0.93-6.91) 0.067 Not selected
In CRP (mg/dL) 0.90 (0.33-2.39) 0.83 Not selected
Lactobacillales (%) 1.08 (1.02-1.15) 0.009** 1.07 (1.00-1.13) 0.048*

Univariate regression Multivariate regression
(B) Variables

OR (95%CI) p value OR (95%CI) p value
PPI/H2 blocker 16.2 (3.29-79.7) <0.001™** 121 (5.89-2480) 0.002**
Statin 18.0 (4.50-72.0) <0.001*** 21.6 (1.48-317) 0.025*
Bblocker 3.83 (1.34-11.0) 0.013* 3.79 (0.31-46.9) 0.30
ACE-1/ARB 3.31 (1.20-9.15) 0.021% 0.86 (0.11-6.55) 0.89
Anticoagulant 0.09 (0.03-0.31) <0.001*** 0.01 (0.0004-0.13) <0.001***
Lactobacillales (%) 1.08 (1.02-1.15) 0.009** 1.00 (0.92-1.09) 0.97

Because the sample size was small, we divided this analysis into two models; (A) variables=known risk factors and Lactobacillales (%) (B)
variables=medication and Lactobacillales (%). Factors with univariate p<0.05 were entered into the multivariate analysis (*p< 0.05, **p< 0.01,

skoksk

in CAD patients with multi-vessel disease was signifi-
cantly higher than Ctrls and tended to be higher than
CAD patients with single-vessel disease, although there
was no significant difference between CAD patients
with single-vessel disease and Ctrls (multi- and single-
vessel disease vs. Ctrl; 16.5% = 12.6%, 6.3% +6.1%,
6.2%*7.7%; p=0.002, Fig.2C and Supplemental
Fig.1).

The Phylum Bacteroidetes (Bacteroides and Pre-
votella)

The prevalence of the phylum Bacteroidetes (Bac-
teroides + Prevotella) was significantly decreased in the
CAD group compared with the Ctrl or HV group
(CAD, Cul vs. HV; 35.5%=11.6%, 43.9%+11.2%
vs. 47.4% = 11.5%; p<0.001, Fig. 3A). The Firmicutes!
Bacteroidetes ratio (F/B ratio) was increased in the
CAD group compared with the Cul group (CAD,
Culvs. HV; 1.6+1.0, 1.3+2.0 vs. 1.1+ 1.4; p<0.001,
Fig.3B). The phylum Firmicutes included Lactobacil-
lales and Clostridium, whereas the phylum Bacteroide-

tes included Bacteroides and Prevotella, according to
this T-RFLP analysis.

Obesity and Type 2 Diabetes
Obesity and type 2 diabetes have been previously

£<0.001). (A) Age and sex were entered into the multivariate model as exceptions. Abbreviations are same as Table 1 and 2.

reported to be associated with gut microbiota. We
found a positive correlation between BMI and the
order Lactobacillales or the F/B ratio and a negative
correlation between BMI and the phylum Bacteroide-
tes (Supplemental Fig. 2A—C). We also found a nega-
tive correlation between HbAlc and the phylum Bacte-
roidetes, but no significant correlation between HbAlc
and the order Lactobacillales or the F/B ratio was
found (Supplemental Fig.3A—-C).

Medication

All patients were treated based on the Japan Ath-
erosclerosis Society guideline'. It was difficult to
match the background medication between the CAD
and Cul group and to analyze the effect of each drug
in the CAD group because almost all of CAD patients
were treated with essential drugs for secondary preven-
tion. The multivariate logistic regression analysis for
the presence of CAD could not show that the percent-
age of the order Lactobacillales was an independent
factor from drugs (Table 2B). Therefore, we evaluated
the effect of each unmatched drug (ACE-I/ARB, -
blocker, statin, PPI/H2 blocker, antiplatelet, or anti-
coagulant) in the Ctrl group by comparing the com-
position of gut microbiota between patients treated
with and without each drug. Because antiplatelet ther-
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Fig.3. Comparison of the phylum Bacteroidetes and the Firmicutes/

Bacteroidetes (F/B) ratio. (A) The phylum Bacteroidetes (Pre-
votella+ Bacteroides) was decreased; (B) the F/B ratio was
increased in the coronary artery disease (CAD) group. Krus-
kal—Wallis test followed by Dunn’s post-hoc analysis was used
to calculate p-values (*p<0.05, **p<0.01, and ***p<0.001).
The phylum Firmicutes=Lactobacillales+ Clostridium. The

phylum Bacteroidetes= Bacteroides+ Prevotella.

apy was applied to all CAD patients but not to Crl
patients at all, we could not evaluate the effect of anti-
platelet therapy in this study. The percentage of the
order Lactobacillales was higher in Ctrls treated with
PPI/H2blocker (treated vs. not treated; 9.23% =+
9.17% vs. 2.83% = 3.47%; p=0.008) or anticoagulant
(treated vs. not-treated; 7.61% £7.95% vs. 4.45% %
7.28%; p=0.048). The percentage of Prevorella was
higher in Curls treated with B-blocker (treated vs. not
treated; 15.5% +16.1% vs. 4.94% = 10.3%; p=0.018).
The percentage of Clostridium XI was also higher in
Ctrls treated with B-blocker (treated vs. not treated;
0.55% = 0.26% vs. 0.42% = 0.83%; p=0.027). Because
these results demonstrated that drugs should be con-
sidered as confounding factors, we subsequently ana-
lyzed the relationship between gut microbiota, espe-
cially the percentage of the order Lactobacillales, and
the severity of CAD. The multivariate logistic regres-
sion analysis for the presence of multi-vessel disease
showed that the percentage of the order Lactobacillales
could be an independent factor from drugs (Supple-
mental Table). We found that the percentage of the
order Lactobacillales tended to be higher in CAD
patients, especially with multi-vessel disease, than Ctrls
even after adjusting the use of PPI/H2blocker (Sup-
plemental Fig.4A) or statin (Supplemental Fig.4B).
Although the increase of the order Lactobacillales was
possibly because of the presence of CAD itself, we
could not deny that medication could affect the com-
position of gut microbiota due to the limitation of the
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study design.

Discussion

We analyzed the distribution of gut microbiota
among the CAD, Curl, and HV groups (Fig.1). Rep-
resentative data indicated the composition of gut
microbiota in the CAD group was, as a whole, differ-
ent from the Ctrl or HV group (Fig. 1A). A similarity
dendrogram revealed that the fecal bacterial commu-
nities differed in the CAD group, compared with the
Cul and HV groups (Fig.1B). We also found an
increased prevalence of enterotype “others” (III) in
CAD patients (Fig. 1C), consistent with the previous
study in patients who had undergone carotid endar-
terectomy .

Comparison of each group of gut microbiota
revealed that the order Lactobacillales was increased,
whereas the phylum Bacteroidetes (the genera Bacte-
roides+ Prevotella) was decreased in the CAD group
(Figs.2 and 3). The order Lactobacillales is one of the
main components of the human gut microbiota and
belongs to the phylum Firmicutes. The order Lacto-
bacillales is divided into several genera, including Lac-
tobacillus, Streptococcus, and Enterococcus. Lactobacillus is
the main genus within the order Lactobacillales found
in human gut microbiota. A previous high-throughput
sequencing study also demonstrated increased Lacto-
bacillus species in feces of a European female cohort
with type 2 diabetes®”. However, we did not find a
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correlation between diabetes markers and the order
Lactobacillales in this study (Supplemental Fig.3A).
In addition, there was still a significant increase in the
order Lactobacillales in the CAD group compared with
the Ctrl group only in the population of patients with
type 2 diabetes (data not shown).

We demonstrated a decrease in the phylum Bac-
teroidetes in CAD patients. The phylum Bacteroidetes
is composed mainly of two genera, Bacteroides and
Prevotella, which contribute to the classification of
enterotypes. Bacteroides fragilis affects mucosal T-cell
homeostasis by promoting regulatory T-cell func-
tion?”. Other Bacteroides species can also establish
mutualistic relationships with the host by flourishing
in the plant polysaccharide-enriched gut environment
and by providing the biological byproducts necessary
for the well-being of the host". The role of Bacteroide-
tes in CAD should be assessed in further studies.

Several previous reports demonstrated that the F/
B ratio was associated with obesity. Although no pre-
vious T-RFLP studies demonstrated an association
between the F/B ratio and BMI, we demonstrated a
direct correlation (Supplemental Fig.2C), which was
compatible with the results of other sequencing stud-
ies. Because there was no difference in the level of
BMI between the CAD and Ctrl groups, the signifi-
cant increase in the F/B ratio in the CAD group was
possibly reflected by the fact of suffering from CAD.
The increase in the phylum Firmicutes might be fol-
lowed by the increase in the order Lactobacillales and
the decrease in the phylum Bacteroidetes in this study.

There was no significant difference in the com-
parison of gut microbiota between the Ctrl and HV
groups, which indicated that a change of gut microbi-
ota in the CAD group was not associated with the
coronary risk factors such as hypertension or type 2
diabetes. Although we could not clearly eliminate the
influence of conflicting factors such as medication, we
demonstrated that the composition of gut microbiota
differed in CAD patients. A prospective cohort study
is desired to identify whether gut-microbial alteration
precedes development of atherosclerosis or CAD itself
or medication cause modulation of gut microbiota. In
addition, we hope that the biological significance of
gut microbiota in the pathogenesis of CAD will be
clarified in the future.

This study had some limitations that should be
considered when interpreting the results. First, the
number of patients was small; therefore, additional
larger trials are needed to validate these observations.
Second, we analyzed fecal samples using T-RFLP, but
high-throughput DNA sequencing technology would
be desirable to find a specific genus or species of gut
microbiota involved in CAD. Therefore, we are cur-

rently performing a novel project using high-through-
put DNA sequencing. Third, as mentioned in the
result session, it was difficult to match the background
medication between the CAD and Ctrl groups. Finally,
it remains unclear whether these differences were a
response to atherosclerosis or whether they actively
induced atherosclerosis.

Conclusion

We, for the first time, analyzed the composition
of gut microbiota in CAD patients and demonstrated
a link between the composition of gut microbiota and
CAD. A prospective cohort study is desired to identify
whether gut-microbial alteration precedes development
of atherosclerosis or not.
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Supplemental Methods
T-RFLP

The fecal samples were suspended in a solution
containing 100 mM Tris-HCI (pH 9.0), 40 mM eth-
ylenediaminetetraacetic acid, 4 M guanidine thiocya-
nate, and 0.001% bromothymol blue. Fecal solids in
the suspension were broken down using a FastPrep
FP100A Instrument (MP Biomedicals; CA, USA)
with zirconia beads at 5 m/s for 2 min. DNA was then
extracted from a 200-mL suspension using an auto-
matic nucleic acid extractor (Precision System Science;
Chiba, Japan). MagDEA® DNA 200 (Precision Sys-
tem Science) was used as the reagent for the automatic
nucleic acid extraction. Polymerase chain reaction
(PCR) was performed using total fecal DNA and the
following primers: 5' FAM-labeled 516f (5'-TGC-
CAGCAGCCGCGGTA-3'; Escherichia coli positions
516-532) and 1510r (5'-GGTTACCTTGTTACGA-
CTT-3"; E. coli positions 1510-1492). The resulting
16S rDNA amplicons were treated with 10 U of Bs/I
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(New England BioLabs) for 3 h, fractionated using an
automated sequence analyser (ABI PRISM 3130xl
Genetic Analyzer; Applied Biosystems), and analysed
using the DNA analysis software Gene Mapper. Because
the apparent size of identical terminal restriction frag-
ments can vary from 1-3 base pairs (bp), major frag-
ments differing in size by 1-3 bp were classified into
operational taxonomic units (OTUs)"?.

References

1) Nagashima K, Hisada T, Sato M, Mochizuki J. Applica-
tion of New Primer-Enzyme Combinations to Terminal
Restriction Fragment Length Polymorphism Profiling of
Bacterial Populations in Human Feces. Applied and Envi-
ronmental Microbiology 2003; 69: 1251-1262

2) Nagashima K. Mochizuki ], Hisada T, Suzuki S, Shimo-
mura S. Phylogenetic Analysis of 16S Ribosomal RNA
Gene Sequences from Human Fecal Microbiota and
Improved Utility of Terminal Restriction Fragment Length
Polymorphism Profiling. Bioscience Microflora 2006; 25:
99-107



Gut Microbiota and Atherosclerosis

60
Bl multi- vessel disease
BB single- vessel disease
B2 Ctrl
40~
o -
N EEE
204 - -
0_ !-‘ :Ij = " ] !-‘ ] - [ ul
& &L ¥ \\4 Q° {\} N 5\‘
& NZ o S @ + 2 + 1@
AN N QR SN N
o & & < S S S & S
© > 2 3 NS N
S O Q < O & d <
R O W © » >
& 9 S & &8
? N O SN
v & Q& S S
A RO \O \ \O
. O & O
N S
NS
Supplemental Fig.1.

Relationship between the severity of coronary artery disease and each group of gut microbiota.

The percentage of each group of gut microbiota was compared between Ctrl, CAD with single- vessel
disease and CAD with muldi- vessel disease. Single- or multi- vessel disease referred to the number of
major coronary vessels demonstrating >75% stenosis on diagnostic coronary angiography. Kruskal-
Wallis test followed by Dunn’s post-hoc analysis was used to calculate p-values (**p<0.01).
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Supplemental Fig.2. Obesity and distribution of gut microbiota.

Correlations between BMI and (A) the order Lacrobacillales, (B) the phylum Bacteroidetes (Prevotella + Bacteroides) or (C) the Firmicutes/ Bacte-
roidetes (F/B) ratio were shown. Pearson’s correlation analysis was used for statistical correlation between two parameters.
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Supplemental Fig.3. Type 2 diabetes and distribution of gut microbiota.
Correlations between HbAlc (%) and (A) the order Lactobacillales, (B) the phylum Bacteroidetes (Prevotella+ Bacteroides) or (C) the Fir-

micutes| Bacteroidetes (F/B) ratio were shown. Pearson’s correlation analysis was used for statistical correlation between two parameters.
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Supplemental Table.
Logistic regression analysis for the presence of multi- vessel disease in the coronary artery disease (CAD) and control (Ctrl) groups
(n=69).
Univariate regression Multivariate regression
(A) Variables

OR (95%CI) p value OR (95%CI) p value
Age 0.95 (0.90-1.01) 0.11 0.93 (0.86-1.00) 0.066
Sex 1.69 (0.46-6.14) 0.43 0.73 (0.12-4.53) 0.74
BMI (kg/m?) 1.03 (0.91-1.15) 0.68 Not selected
DM 1.67 (0.62-4.47) 0.31 Not selected
HT 1.03 (0.26-4.04) 0.97 Not selected
DL 4.77 (0.97-23.5) 0.055 Not selected
History of smoking 3.49 (1.17-10.4) 0.025* 9.85 (1.72-56.5) 0.010*
In CRP (mg/dL) 1.54 (0.57-4.16) 0.40 Not selected
Lactobacillales (%) 1.11 (1.05-1.18) <0.001*** 1.16 (1.06-1.26) <0.001***

Univariate regression Multivariate regression
(B) Variables

OR (95%CI) p value OR (95%CI) p value
PPI/H2 blocker 6.74 (1.39-32.6) 0.018" 6.80 (1.05-43.7) 0.043*
Statin 6.52 (1.70-25.1) 0.006™* 1.14 (0.17-7.75) 0.89
B blocker 2.48 (0.92-6.70) 0.072 Not selected
ACE-I/ARB 2.59 (0.90-7.43) 0.076 Not selected
anticoagulant 0.09 (0.02-0.43) 0.002** 0.02 (0.003-0.25) 0.002 ™
Lactobacillales (%) 1.11 (1.05-1.18) <0.001*** 1.11 (1.03-1.20) 0.007**

Because the sample size was small, we divided this analysis into two models; (A) variables=known risk factors and Lactobacillales (%) (B)
variables=medication and Lactobacillales (%). Factors with univariate p<0.05 were entered into the multivariate analysis (*p< 0.05, **p< 0.01,

sk
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2<0.001). (A) Age and sex were entered into the multivariate model as an exception. Abbreviations are same as Table 1 and 2.
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Supplemental Fig. 4.
The comparison of Lactobacillales after adjusting medication.

(A) The percentage of the order Lactobacillales tended to be increased in
CAD patients with PPI/H2 blocker, compared with Ctrls with PPI/H2
blocker (CAD with PPI/H2 blocker vs. Ctrls with PPI/H2 blocker; 13.8 +
12.1% vs 9.2+9.2%; p=0.24, Figure not shown), especially in those with
multi- vessel disease (multi-, single- vessel disease vs. Curl; 17.0%12.8%,
6.3%6.1% vs. 9.2%9.2%; p=0.025). (B) The percentage of the order Lacto-
bacillales was also tended to be increased in CAD patients with statin, com-
pared with Cerls with statin (CAD with statin vs. Cerls with statin; 13.9 %
12.1% vs. 10.5+10.3%; p=0.41, Figure not shown), especially in those with
multi- vessel disease with statin (mult-, single- vessel disease vs. Curl; 17.2+
12.7%, 6.3+6.1% vs. 10.5+10.3%, p=0.034). Kruskal-Wallis test followed
by Dunn’s post-hoc analysis or Mann-Whitney U test were used to calculate
p-values (*p<0.05). Single- or multi- vessel disease referred to the number of
major coronary vessels demonstrating >75% stenosis on diagnostic coronary
angiography.
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