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Japan. We investigated the gut mucosa�associated microbiome in

Japanese patients with functional constipation. Diagnosis was

made according to the Rome IV criteria. Mucosal samples were

obtained by gentle brushing of mucosa surfaces. The gut micro�

biome was analyzed using 16S rRNA gene sequencing. There were

no significant differences in bacteria α�diversity such as richness

and evenness. The PCoA indicated significant structural differences

between the constipation group and healthy controls (p = 0.017

for unweighted and p = 0.027 for weighted). The abundance of the

phylum Bacteroidetes was significantly higher in the constipation

group. The abundance of the genera Streptococcus, Fusobacterium,

Comamonas, and Alistipes was significantly higher in the

constipation group. The abundance of the genera Acinetobacter,

Oscillospilla, Mucispirillum, Propinibacterium, and Anaerotruncus

was significantly lower in the constipation group. In the constipa�

tion group, the proportion of genes responsible for sulfur metabo�

lism, selenocompound metabolism, sulfur relay system was

significantly higher and the proportion of D�arginine and D�

ornithine metabolism and flavonoid biosynthesis was significantly

lower. In conclusion, we identified differences of the mucosa�

associated microbiome between Japanese patients with func�

tional constipation and healthy controls. The mucosa�associated

microbiome of functional constipation was characterized by

higher levels of Bacteroidetes (Alistipes).
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IntroductionThe number of patients with chronic constipation, including
constipation-type irritable bowel syndrome (IBS-C) and

functional constipation (FC),(1) is increasing in Japan due to
lifestyle change and growth of the aging population.(2) A recent
report by Kawamura et al.(3) showed that the prevalence of IBS-C
and FC in a Japanese population was 4.97% and 8.76%, respec-
tively. While chronic constipation is rarely fatal, the symptoms
associated with constipation restrict patients’ social activities and
markedly reduce their quality of life (QOL).(1,4) Chronic constipa-
tion is a multifactorial disorder with complex pathophysiology.
Previous studies have reported that disturbed gastrointestinal
motility, decrease in luminal water content, dysregulated gut-brain
axis, alteration of diet, sex hormone fluctuations, and anorectal
dysfunction are etiologic factors.(1,2)

The role of the gut microbiota in human health is recognized as
a mutually beneficial interaction between human and micro-
organisms that contributes to normal physiology and immune
homeostasis.(5) At the same time, alteration of structure and func-
tion of the gut microbiota (dysbiosis) is associated with disease,
and often characterized by a decreased diversity and proliferation

of pathogenic bacterial taxa.(6) For example, dysbiosis deeply
contributes to the pathogenesis of inflammatory bowel disease,
which is characterized by mucosal immune dysregulation.(7–9)

Some previous studies have described compositional changes in
the gut microbiota of patients with IBS-C and FC,(10–12) suggesting
an involvement of dysbiosis in the pathophysiology of chronic
constipation. Thus, correction of dysbiosis through dietary
interventions or fecal microbiota transplantation may represent
important strategies to modify the gut microbiota and its
metabolite production for health maintenance as well as disease
prevention and management.

The gut microbiota consists of two separate populations, the
luminal microbiota and the mucosa-associated microbiota
(MAM).(13–16) The MAM is considered to directly modulate
mucosal function to a greater degree than luminal bacteria and
is deeply involved in the pathophysiology of various diseases.
However, studies on the gut microbiota of chronic constipation
have often used fecal samples because they are easy to collect.
Only a few studies have investigated the MAM in patients with
chronic constipation using biopsy samples under endoscopy.(10,11)

The point to be improved in these studies may be the use of biopsy
samples. Endoscopic biopsy is invasive, and a large part of the
samples consists of human tissues with extremely small amounts
of bacterial components. This may lead to misreading of 16S rRNA
sequencing. To overcome this weakness, we have previously
reported on the usefulness of endoscopic brush samples for
analysis of MAM.(17) Endoscopic brush sampling is non-invasive
and makes it possible to avoid massive contamination of human
cells.

It has been reported that the gut microbiome of the Japanese is
considerably different from those of the populations of other
countries.(18) Most of the studies investigating dysbiosis of chronic
constipation have been conducted outside Japan and there are a
limited number of studies of the Japanese population. In the
present study, we investigated the MAM profile of Japanese
patients with functional constipation using endoscopic brush
samples.

Materials and Methods

Ethics. This study was approved by the ethics committee of
the Shiga University of Medical Science (permission No. 29-135).
All patients were managed at the Division of Gastroenterology
of the Hospital of the Shiga University of Medical Science. All
participants provided written informed consent. The study was
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registered at the University Hospital Medical Information
Network Center (000035733).

Patients and sample collection. We enrolled 15 male
patients diagnosed with functional constipation according to the
Rome IV criteria(1) and 14 male healthy controls. Healthy controls
were age-matched volunteers without any diseases or medications.
The average age of the healthy controls and constipation group
was 69.0 years (range 49–84) and 71.4 years (37–84), respec-
tively. Average Bristol scale score of the healthy controls and
constipation group was 4.3 (range 4–5) and 1.9 (range 1–3),
respectively. No constipation patients received either antibiotics
or probiotics. All participants underwent colonoscopy for screening.
A polyethylene glycol-based bowel preparation was performed.

Samples were obtained by gentle brushing of mucosal surfaces
avoiding bleeding using cytology brushes (COOK® CCB-7-240-3-
S, Bloomington, IN). One sample from the sigmoid colon were
obtained from each participant.

DNA extraction. DNA was extracted from samples using
QIAamp UCP pathogen mini kit (QIAGEN, Germantown, MD)
with Pathogen Lysis Tube S (QIAGEN). Samples were beaten
in the presence of zirconia beads using a FastPrep FP100A
Instrument (MP Biomedicals, Irvine, CA).(19) The final concentra-
tion of the DNA sample was adjusted to 10 ng/ml.

16S rRNA sequencing. The MiSeqTM System (Illumina, San
Diego, CA) was used for 16S rRNA sequencing according to a
previously described method.(20) Briefly, the V3–V4 hypervariable
regions of 16S rRNA were amplified by polymerase chain
reaction (PCR) using the universal primers 341F and 805R,
followed by the second PCR to introduce a unique combination of
dual indices (I5 and I7 index). The concentrations of the second
PCR products was normalized with a SequalPrep Normalization
Plate Kit (Life Technologies, Tokyo, Japan) and concentrated
using AMPure XP beads (Beckman Coulter, Tokyo, Japan). Ten
pM of the library combined with phiX Control was sequenced
using a 300-bp paired-end strategy according to the manufac-
turer’s instructions.

16S rRNA�based taxonomic analysis. QIIME ver. 1.9,(21)

USEARCH ver. 9.2.64, UCHIME ver. 4.2.40,(22) and VSEARCH
ver. 2.4.3(23) were used for processing of sequence data including
chimera check, operational taxonomic unit (OTU) definition
and taxonomy assignment. Singletons were omitted. The RDP
classifier ver. 2.10.2 with the Greengenes database (published
May, 2013)(24) was used for taxonomy assignment of the acquired
OTUs.

Statistical analyses. The observed species, Chao1 and
Shannon phylogenetic diversity indices were calculated by the R
“phyloseq” package(25) and statistically analyzed using the
Bonferroni test. b-Diversity for bacterial microbiome was estimated
using the UniFrac metric. Statistical analysis was performed using
permutational multivariate analysis of variance (PERMANOVA).
Microbial composition was statistically analyzed by the Kruskal-
Wallis test and followed by the unpaired Wilcoxon test using
Linear Discriminant Analysis Effect Size (LEfSe)(26) (available at
http://huttenhower.sph.harvard.edu/galaxy/).

Functional changes in the microbiome. Potential changes
in the microbiome at the functional level were evaluated using
PICRUSt software(27) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) database release 70.0.(28) The human-specific
pathways were removed from the results to focus on true bacterial
pathways. The PICRUSt software uses 16S-rRNA sequence
profiles to estimate metagenome content based on reference
bacterial genomes and the KEGG pathway database. The results
were further analyzed statistically by Welch’s t test using the
STAMP software.(29) P values (<0.05) were used to determine any
statistically significant differences between the groups.

Results

We initially compared a-diversity of the MAM between the
constipation group and healthy controls. The observed species and
the Chao 1 index estimate OTU richness, and the Shannon index
represents OTU evenness. As shown in Fig. 1A, there were no
significant differences in three indices. These findings indicate
that chronic constipation does not affect a-diversity (OTU
richness and evenness) of the MAM.

Using the unweighted and weighted UniFrac distance, we
compared the overall microbial structure between the constipation
group and healthy controls. As shown in Fig. 1B, the unweighted
and weighted PCoA indicated significant structural differences
between the constipation group and healthy controls
(PERMANOVA p = 0.017 for unweighted analysis and p = 0.027
for weighted analysis).

The differences in the gut microbial structure were taxonomi-
cally evaluated at the phylum level (Fig. 2). The abundance of
the phylum Bacteroidetes was significantly higher in the constipa-
tion group than in healthy controls. There were no significant
differences between the two groups in the abundance of other
phyla.

Changes in microbial composition of MAM were further
analyzed using LEfSe (Fig. 3).(26) The abundance of the class
Bateroidia, the genera Streptococcus, Fusobacterium, Comamonas,
and Alistipes was significantly higher in the constipation
group compared to healthy controls (p<0.05). On the other
hand, the abundance of the genera Acinetobacter, Oscillospilla,
Mucispirillum, Propinibacterium, and Anaerotruncus was signifi-
cantly lower in the constipation group.

Potential differences in the function of the microbiome were
evaluated using PICRUSt software (Fig. 4).(27) When comparing
the constipation group with healthy controls, the proportion of
genes responsible for sulfur metabolism, selenocompound
metabolism, sulfur relay system was significantly higher in the
constipation group. The proportion of genes responsible for D-
arginine and D-ornithine metabolism, vitamin B6 metabolism,
flavonoid biosynthesis was significantly lower in the constipation
group.

Discussion

Investigation of specific gut microbiome associated with
chronic constipation may be important for diagnostic and thera-
peutic purposes. However, there are a limited number of reports
concerning the gut microbiome of chronic constipation using 16
rRNA sequencing.(30) Furthermore, most studies have used fecal
samples which are readily accessible but do not represent mucosa-
associated profiles. This is a crucial limitation because the MAM
might directly stimulate mucosal function to a greater degree than
the fecal microbiome. As far as we could ascertain, a recent article
by Parthasarathy et al.(10) is the sole report of the MAM of patients
with chronic constipation using 16 rRNA sequencing. Further-
more, the gut microbiome of the Japanese has been reported to be
considerably different from that of the populations in other
countries.(18) It is therefore worthwhile investigating the MAM of
Japanese patients with chronic constipation. This is the first report
of the MAM of FC in a Japanese population using 16S rRNA
sequencing.

We used mucus samples obtained by gentle brushing of
mucosal surfaces under colonoscopy. In the previous studies, sam-
ples for MAM analysis were obtained by mucosal biopsy.(10,14,31,32)

Mucosal biopsy is invasive and sometimes causes unexpected
bleeding, and the major part of the biopsy sample is human tissue
(or cells) but contains minimal bacterial components. Endoscopic
brush sampling is safe and effectively avoids massive contamina-
tion of human cells. This may be ideal for metagenomics, since
removal of human genome data is essential for the analysis of
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Fig. 1. Comparative analyses for the microbial community of functional constipation and healthy controls. (A) a�Diversity indices of the constipa�
tion group (n = 15) and healthy controls (HC; n = 14). *p<0.05 by Bonferroni test. (B) Unweighted and weighted PCoA of b�diversity measures. In
both analyses, the microbial community was significantly different between the constipation group and HC. See color figure in the on�line version.

Fig. 2. Comparative analyses of the taxonomic composition of the microbial community at the phylum level. HC, healthy controls. *p<0.05 by
Bonferroni test.
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the microbiome.
In this study, there were no significant differences in OTU-

richness and OTU-evenness between the constipation group and
healthy controls, indicating that stool retention does not affect
mucosal bacterial growth or diversity. Our observations oppose to
a previous report of fecal samples of pediatric patients,(33) in which
an increase in OTU richness has been described. So, in order to
clarify this point, further studies should be performed in the future.
A phylogenetic PCoA showed significant differences in the
ecological diversities of the gut microbiome between the constipa-
tion group and healthy controls, indicating a strong association
of constipation with the structure or composition of MAM.

The current study showed that the microbiome of chronic
constipation was characterized by a greater abundance of the
phylum Bacteroidetes. The genera Alistipes, Streptococcus,
Fusobacterium, Comamonas, and Alistipes were also higher in the
constipation group. On the other hand, lower levels of the genera
Acinetobacter, Oscillospilla, Mucispirillum, Propinibacterium,

and Anaerotruncus were observed in the constipation group.
Concerning the abundance of the phylum Bacteroidetes in

constipated patients, previous studies have reported conflicting
results. Parthasarathy et al.(10) describe an increase in the phylum
Bacteroidetes in the MAM, while Zhu et al.(33) demonstrated a
decrease in Bacteroidetes in fecal samples. Our finding from the
MAM is in agreement with the result of Parthasarathy et al.(10) It
may be that the difference of sample sources, mucosa or feces,
affected these observations. We observed the higher level of the
genus Alistipes. Alistipes is one of the abundant members of the
gut microbiome in healthy people,(34,35) and most Alistipes are
indole-positive and capable of metabolizing tryptophan. Tryptophan
is converted to 5-hydroxytryptophan, which is then converted to
serotonin.(36) Serotonin stimulates gut motility. In contrast, the
second tryptophan metabolism pathway is the kynurenine
pathway.(36) This is the dominant pathway and kynurenine is
produced from tryptophan by tryptophan-2,3-dioxygenase (TDO)
or indolamine-2,3-dioxygenase (IDO). Kynurenine synthesis
reduces the tryptophan available for serotonin synthesis.(36)

Reduced 5-hydroxytryptophan levels have been demonstrated
in some patients with slow transit constipation.(1) So, association
of a greater abundance of Alistipes and tryptophan metabolism
such as kynurenine pathway should be investigated as a candidate
of one of factors contributing to the pathophysiology of chronic
constipation.

We identified that the proportion of genes responsible for sulfur
metabolism and sulfur relay system was higher in the MAM of the
constipation group. Dietary amino acids, such as cysteine and
methionine, are a source of sulfated compounds in the colon,(37)

and hydrogen sulfide is major sulfur derivative. Whether role of
hydrogen sulfide in the colon is detrimental or beneficial remains
a matter of debate.(37) Several lines of evidence have indicated that
hydrogen sulfide is a potential player in the etiology of intestinal
disorders such as inflammatory bowel diseases and colorectal
cancer,(37) but the significance of sulfur metabolism in the patho-
physiology of chronic constipation remains unclear. Further
characterization of the microbial pathways involved in colonic
sulfur metabolism is necessary for a clearer understanding of its
contribution to chronic constipation.

In conclusion, we identified differences in the mucosa-
associated microbiome between Japanese patients with functional
constipation and healthy controls. The MAM of functional
constipation was characterized by the greater abundance of
Bacteridetes (Alistipes). These may affect epithelial and mucosal
functions and induce constipation. Based on the findings of this
study, a novel therapeutic strategy which is more suitable for the
Japanese should be designed in the future.
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Fig. 3. Alteration of the relative abundance of bacteria in the gut
mucosa�associated microbiome of functional constipation analyzed by
the linear discriminant analysis effect size (LEfSe). The histogram
indicates the Linear Discriminant Analysis (LDA) score. These taxa
showed a statistically significant difference between the constipation
group and healthy controls (HC) (p<0.05 by the Kruskal�Wallis test).
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