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Single fecal microbiota transplantation failed to change
intestinal microbiota and had limited effectiveness
against ulcerative colitis in Japanese patients
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Background/Aims: Recent developments in analytical techniques including next-generation sequencing have clarified
the correlation between intestinal microbiota and inflammatory bowel disease. Fecal microbiota transplantation (FMT) for
patients with ulcerative colitis (UC) is proposed as a potential approach to resolving their dysbiosis; however, its safety and ef-
ficacy have not been confirmed. This single-arm, open-label, non-randomized study aimed to evaluate the safety and efficacy
of EMT for Japanese patients with UC as the first registered clinical trial in Japan. Methods: We enrolled 10 patients with active
UC despite medical therapy. The donors were the patients’ relatives and were carefully screened for infectious diseases. Fecal
material was administered via colonoscopy, and the primary endpoint was the presence or absence of serious adverse events
related to FMT. The secondary endpoint was a change in partial Mayo score at 12 weeks post-FMT. Scores <2 were considered
a clinical response. Fecal samples were collected to follow changes in gut microbiota, while extracted complementary DNA
were analyzed by a next-generation sequencer. We obtained written informed consent from all patients and donors. This study
was approved by our Institutional Review Board and is registered in the University hospital Medical Information Network
(UMIN) Clinical Trials Registry (UMIN 000012814). Results: Five patients with moderate disease and five with severe disease
were enrolled. No severe adverse effects were observed. One patient achieved clinical response; however, none of the patients’
microbiota diversity recovered to the donor levels. Conclusions: The use of single FMT for UC was safe; however, we failed to
show its clinical efficacy and potential to change the intestinal microbiota. (Intest Res 2017;15:68-74)
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease

Received September 9, 2016. Revised October 3, 2016. of the colon and rectum that is induced by an inappropri-
Accepted October 14, 2016.

Correspondence to Takanori Kanai, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, Keio University School of physiology of UC is unclear, although this immunological

Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan. Tel: +81- dysregulation may correlate with Changes in the colonic

3-3353-1211, Fax: +81-3-3341-3631, E-mail: takagast@keio.jp . . . . . . . 14
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studies have shown that the composition of the microbiota

ate mucosal immunological response. The precise patho-
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sociated with intestinal inflammation.” Previous reports
of murine models suggested that different populations of
intestinal microbiota influence one another by proliferat-
ing in an identical environment and that the microbiota are
remarkably stable. Garret et al." showed that wild-type mice
developed colitis when co-housed with T-bet” xRAG2™" UC
mice, a spontaneously induced colitis model. Elinav et al.’
reported the same phenomenon when co-housing wild-type
mice with ASC or NLRP6 knock-out mice, which disrupted
the homeostasis of the intestinal mucus layer. These results
showed that intestinal microbiota can be transplanted into
genetically dissimilar mice in an identical environment and
led to the hypotheses that resolving dysbiosis could poten-
tially ameliorate colitis and that human fecal microbiota
transplantation (FMT) may be a method by which to accom-
plish this.

Several studies have shown that certain probiotics induce
symbiosis in patients with UC;" however, the meta-analysis
of Mallon et al.’ suggested that probiotics do not induce
remission in patients with active UC. This failure may re-
sult from the overwhelming difference in bacterial counts
between probiotics and the human intestinal microbiota.
To address this problem, much attention has been directed
to human feces, which contain microbiota metabolites and
much more varied bacteria than those contained in probiot-
ics. Dysbiosis leads to impaired colonization resistance to
microbial pathogens, while FMT is thought to induce the
metabolic function and colonization resistance of the micro-
biota and recover the composition of the intestinal flora in
patients with UC. In recurrent Clostridium difficile infections
(rCDI), FMT had a much higher cure rate than standard an-
' Additionally, previous reports showed
that FMT might restore the intestinal microbial balance in
human diseases." "

Almost all of the drugs currently developed for UC thera-
py, including biologics and tacrolimus, are immunosuppres-
sive. These drugs play a pivotal role in IBD therapy; however,
FMT may address different aspects of UC pathophysiology
by resolving dysbiosis and improving UC therapy. Much ef-
fort has been involved in determining whether FMT is effec-
tive against patients with active UC.*"*" In Canada and the
Netherlands, Moayyedi et al."” reported that FMT induced
remission in a significantly greater percentage of patients
with active UC than did the placebo; however, Rossen et al'®
reported no statistically significant difference in clinical and
endoscopic remission between UC patients who received
fecal microbiota from a healthy donor and those who re-
ceived their own fecal microbiota. Notably, recent reports

tibiotic treatment.
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showed that the gut microbiome in the Japanese population
is considerably different from those of other populations.'**
Thus, the authors suggest that there may be differences in
the effectiveness of FMT for UC patients in Japan compared
with that in other populations. A remaining concern is an
open research problem regarding the safety and efficacy
of FMT. Here we performed a single-arm, open-label, non-
randomized study of the safety and efficacy of FMT. To our
knowledge, this is the first registered study of FMT in UC in
Japan and could help ensure the availability of FMT in Japa-
nese patients with gastrointestinal disorders.

METHODS
1. Ethics

The ethics committee at Keio University School of Medi-
cine approved the protocol (#20130383), and all participants
provided written informed consent. The study was registered
at the University hospital Medical Information Network
(UMIN) Center (UMIN 000012814).

2. Study Design

In this single-center, open-label, non-randomized study,
the safety and efficacy of FMT was evaluated in patients
with moderate-to-severe active UC. Clinical follow-up was
performed 12 weeks post-FMT. The primary endpoint of the
study was at week 12.

3. Participants

1) Patients with UC

Eligible patients were aged >15 years with active UC
defined as a Mayo Clinic score >4 with endoscopic Mayo
Clinic score >1 despite treatment with corticosteroids, im-
munomodulators, tacrolimus, and/or anti-tumor necrosis
factor agents. Concomitant treatments for UC, such as mesa-
lamine, immunosuppressive therapy (e.g, azathioprine), or
anti-tumor necrosis factor agents were permitted. Patients
were excluded if their disease severity required hospitaliza-
tion or if they were pregnant or unable to give informed con-
sent.

2) Donors

Healthy relatives within the second-degree relationship
(=20 years of age) were screened using stool and serology
screening for bacterial, parasitic, and viral pathogens. A com-
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Table 1. Overview of Donor Screening Process
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Past history

Serological Stool
HAV/IgM Fecal immunochemical test (twice)
HBsAg Clostridium difficile toxin A/B
Anti-HCV Culture for enteric pathogens

Human immunodeficiency virus 1 and Ova and parasite examination

Antibiotic treatment during 1 month
IBD, IBS, chronic constipation/diarrhea
Malignancy

Autoimmune or atopic illness or ongoing immune-modulating

2 enzyme immunoassay
Antibody to Entamoeba histolytica

Rapid plasma regain

therapy
Severe obesity

Severe liver/kidney dysfunction

plete overview of the donor screening process is shown in
Table 1.

4. FMT Procedure

As we previously reported,” the donors were instructed
to collect a fecal sample in an AneroPack™ (Mitsubishi
Gas Chemical Co., Inc., Tokyo, Japan) and bring the pack
to the hospital at 4°C on the day of the scheduled FMT. Ap-
proximately 50 to 300 g of feces was collected from donors,
dissolved in 50 to 100 mL of saline, and filtered through a
metal strainer to make a liquid slurry. Fecal materials were
administered to the patient within 6 hours after collection by
the donor via colonoscopy following standard bowel prepa-
ration (2 L polyethylene glycol solution).

5. Clinical Outcomes

The primary endpoint of the study was the presence or
absence of serious adverse events related to FMT. The sec-
ondary endpoint was a change in the partial Mayo (pMayo)
score 12 weeks after FMT. Scores <2 were considered a clini-
cal response.

6. Fecal Sample Collection

Fecal samples were longitudinally collected from patients
at weeks 0, 1, 2, 4, 8, and 12 post-FMT and from donors on
the day of the FMT. In total, 58 fecal samples were collected
from 10 patients, and the collected fresh feces were stored
under anaerobic conditions in an AneroPack™ (Mitsubi-
shi Gas Chemical Co., Inc.) at 4°C. Within 24 hours after
sampling, the feces were frozen in 20% glycerol (Wako Pure
Chemical Industries Ltd., Osaka, Japan)/phosphate-buffered
saline solution (Life Technologies, Tokyo, Japan) by liquid
nitrogen and stored at -80°C until use.
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7. Recovery of Bacteria from Fecal Samples and
Bacterial DNA Isolation

Bacterial DNA were isolated as described previously."”
Briefly, bacterial DNA was isolated by the enzymatic lysis
method using lysozyme (Sigma-Aldrich Co., LCC., Tokyo,
Japan) and achromopeptidase (Wako Pure Chemical Indus-
tries Ltd.). DNA samples were then purified by treatment
with ribonuclease A (Wako Pure Chemical Industries Ltd.),
followed by precipitation with 20% polyethylene glycol so-
lution (PEG6000 in 2.5 M sodium chloride). The DNA was
then pelleted by centrifugation, rinsed with 75% ethanol, and
dissolved in tris-EDTA buffer.

8. Sequencing and Processing of Bacterial 16S rRNA
Gene from the Fecal DNA

The fecal DNA samples were sequenced using the 454
GS FLX Titanium and FLX+ (Roche, Basel, Switzerland)
sequencing system. The detailed protocols were described
previously.” Briefly, the 16S rRNA gene V1 to V2 region was
amplified by PCR by using the primers 27Fmod and 338R
containing 454 primer sequences A and B and a unique 10-
bp barcode sequence in 27Fmod. The PCR amplicons were
sequenced to obtain reads, and the reads with an average
quality value <25, mismatches to both universal primers, and
possible chimeric reads were removed. Among the high-
quality reads, 3,000 reads per sample were randomly select-
ed and grouped into operational taxonomic units (OTUs) by
clustering using the UCLUST algorithm with a 96% identity
threshold. Taxonomic assignments for each OTU were made
by similarity search against the public 16S and National
Center for Biotechnology Information (NCBI) genome data-
bases using the GLSEARCH program. For assignment at the
phylum, family, genus, and species levels, sequence similar-
ity thresholds of 70%, 90%, 94%, and 96%, respectively, were
employed. All of the high-quality 16S V1 to V2 sequences
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analyzed in this study were deposited into the DNA Data-
Bank of Japan (DDBJ)/GenBank/ European Molecular Biol-
ogy Laboratory (EMBL) database under accession number
DRA004886. UniFrac distance and principal coordinate
analysis were used to assess the similarity of the microbiota
structure of each pair of samples.”

Table 2. Patients' Baseline Characteristics

Variable Value

Age (yr) 31(17-48)
Male:female 73
Disease duration (yr) 45 (1-15)
Disease type

Relapsing-remitting 5(50)

Chronic persistent 5 (50)
Mayo score 6.1 (4-8)
Extent of disease’

Proctitis 1(10)

Left-sided 2 (20)

Extensive colitis 7 (70)
Concomitant drug treatment

5-ASA 7 (70)

Thiopurine 5 (50)

Biologics 2 (20)

Tacrolimus 1(10)

Values are presented as median (range) or number (9%).
“The Montreal classification was used to classify the disease extent.
5-ASA, 5-aminosalicylic acid.
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9. Statistical Analysis

Results are expressed as mean+SEM. Groups of data were
compared using Student ¢-test. For multiple comparisons,
the statistical analysis was performed using the Kruskal-
Wallis one-way ANOVA test and the Tukey-Kramer test. Dif-
ferences were considered statistically significant when the
P-value was <0.05. All of the analyses were conducted using
GraphPad Prism Software version 6 (GraphPad Software,
San Diego, CA, USA).

RESULTS
1. Patient Recruitment

We recruited 10 patients from March 2014 through Octo-
ber 2015, including three with mild disease and seven with
moderate disease. Patients’ baseline and clinical characteris-
tics are shown in Table 2. All patients had a history of immu-
nosuppressive treatment, while six were naive to biologics
treatment.

2. Donor Screening

Screening of 12 healthy subjects for stool pathogens and
serology resulted in 10 eligible donors; two were excluded
because of positive screening results for infectious agents
in their feces. Donors comprised two spouses, four parents,
and four sisters. All donors donated feces that were used for
patient infusion. The donors' mean age was 45 years (range,
31-66 years), of which four were male.
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Fig. 1. Change in partial Mayo (pMayo) score. (A) Change in pMayo score in each patient, and (B) comparison of pMayo score pre- and 12 weeks post-

fecal microbiota transplantation.
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3. Clinical Outcomes

Previous studies reported serious adverse events following
FMT, including small bowel perforation, cytomegalovirus
infection, and carcinoma. In our study, two patients required
additional therapy during the 12 weeks following FMT; how-
ever, no severe FMT-associated adverse event was observed
except for exacerbation of the UC itself. Six patients showed
exacerbation of colitis and three showed amelioration of
colitis. Only one patient (“]” in Fig. 1A) showed a clinical re-
sponse (pMayo score pre-FMT, 4; post-FMT, 1). Two other
patients (“D” and “E” in Fig. 1A) did not satisfy the definition
of clinical response. Overall, no significant difference was
found between the pre-FMT and post-FMT pMayo scores
(Fig. 1). These results suggested that our single FMT proto-
col was safe; however, it had limited effectiveness for active
UcC.
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4. Assessment and Analysis of the Microbiome

Intestinal microbial profiling was conducted by extracting
genomic DNA from the patient and donor fecal samples us-
ing the protocol described above. Fifty-nine samples were
collected from the 10 patients and 10 samples were col-
lected from the 10 donors.

Comparison of the donor and patient samples at baseline
revealed that the diversity index of the fecal microbiota in
the healthy donors showed higher diversity than that of
the patients, although there was no significant difference
(P=0.11). The diversity of the microbiota in the patients’ sam-
ples increased slightly at the 12-week post-FMT evaluation;
however, the findings were not significant (P=0.29) (Fig. 2A).

The taxonomic profiles showed that the phylum Fir-
micutes was dominant in almost all of the donors and pa-
tients with no significant difference among them. The taxo-
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Fig. 2. Analysis of the microbiome. (A) Microbiota diversity (Shan-
non index) of donors and patients pre- and 12 weeks post-fecal
microbiota transplantation (FMT). (B) Comparison of the top four
fecal bacteria at the phylum level, and (C) the top five fecal bacte-
ria at the species level comparing pre- and post-FMT. The average
operational taxonomic unit abundance is shown for each group.
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nomic profiles of the patient samples showed no significant
change pre-FMT versus post-FMT (Fig. 2B, Supplementary
Fig. 1). Interestingly, the abundance of Bifidobacterium long-
um was restored in patients with active UC following FMT;
however, there was no significant difference pre-FMT versus
post-FMT (P=0.08) (Fig. 2C, Supplementary Fig. 2). Redun-
dancy analysis showed that the microbiota composition of
donors overlapped with that of patients at baseline and at 12
weeks post-FMT (Supplementary Fig. 3). These results in-
dicate that the single FMT via colonoscopy for patients with
UC was conducted safe; however, it had limited clinical ef-
fectiveness and potential to change the intestinal microbiota.

DISCUSSION

To our knowledge, this is the first registered trial to evalu-
ate the safety and efficacy of FMT in Japan. Our results sug-
gest that FMT for patients with UC was safe; however, we
failed to show its clinical efficacy. The limitation of our study
design was the sample size; however, the ethics committee
at our institution asked us to prioritize the safety evaluation
over the efficacy evaluation. Thus, this being the first regis-
tered trial in Japan, we concluded the including >10 patients
would be unethical.

Analysis of intestinal microbiota showed that the abun-
dance of B. longum tended to be lower in UC patients than
in healthy subjects. Our results showed a trend toward an
increase in B. longum after FMT; however, whether FMT in-
duced symbiosis in UC patients is unclear.

A previous report showed that B. longum altered gut lu-
minal biotin and butyrate metabolism by modifying the gut
microbial community.*” Short-chain fatty acids (SCFAs)
including butyrate are produced by the fermentation of di-
etary fiber by intestinal microbiota, and several reports have

22 These

shown that SCFAs could induce gut homeostasis.
findings suggest that FMT can change the gut microbial
community by altering SCFA metabolism. We failed to show
arelationship between an abundance of B. longum and clini-
cal improvement following FMT; however, previous reports
showed that B. longum alleviated experimental colitis in
murine models.”** Additionally, Tamaki et al.” concluded
that supplementation with B. Jongum was well tolerated and
reduced the UC disease activity index.

In this study, we administered donor feces only once,
reflecting our primary endpoint of evaluating FMT safety.
Moayyedi et al.'" reported that FMT could induce remis-
sion in patients with active UC; however, the authors gave
retention enemas to patients once per week for 6 weeks.

www.irjournal.org
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Therefore, the frequency of our FMT protocol may be a ma-
jor limitation for inducing remission in active UC patients. In
addition to FMT frequency, donor selection is a critical issue.
We selected donors from among patients’ relatives, although
Moayyedi et al."” stated that most FMT successes were relat-
ed to the use of unrelated donor specimens. Previous reports
showed that the intestinal microbiota reflect one’s living
environment and diet,” indicating that relatives may have
similar intestinal microbiota. A varied microbiota is vital to
the induction of symbiosis in patients with UC; therefore, the
ideal donors in future FMT studies would be healthy volun-
teers unrelated to the patient.

Further evaluations are needed to elucidate the efficacy
of EMT for UC; however, this form of clinical development
with high ethical concerns should be very fairly and carefully
performed until its safety is confirmed. Nevertheless, FMT
for patients with UC seems to have positively received much
attention in recent years despite the lack of definite evidence
due to the influence of the great success of rCDI. Thus, we
believe that the current negative study plays a pivotal role in
cautioning researchers to carefully pursue the clinical devel-
opment of FMT for different diseases, nations, and protocols.
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