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The role of enterobacterial flora in the onset and progression of
inflammatory bowel diseases is a topic of considerable interest.
Here, we assessed the association among enterobacterial flora,
dietary factors, and ulcerative colitis (UC) progression. Forty-six
patients with UC who were diagnosed as being in remission were
enrolled. We collected each patient’s stool sample one or two days
before diagnostic colonoscopy. After colonoscopy, we observed
the patients for one year and then retrospectively divided them
into two groups: remission (n =39) and relapse (n =7) groups,
depending on whether the relapse occurred during the follow-up
period, and analyzed the relationship among patient characteris-
tics, dietary factors, enterobacterial flora, and UC relapse. Overall,
there were no significant differences in bacterial community pop-
ulations between the remission and relapse groups, except that
the order Lactobacillales was detected at a significantly higher
rate in the relapse than in the remission group (100% vs 71.4%,
p<0.05). Vitamin C intake was significantly higher in the remission
than in the relapse group (p<0.05). Although there were no obvi-
ous differences in enterobacterial flora between the remission
and relapse groups, there was a relationship among enterobacte-
rial flora, diet, and UC progression. Given that the enterobacterial
flora was only analyzed at the initiation of the study, we conclude
that in future analyses, enterobacterial flora should be sampled
at numerous time points to examine its role in UC progression.

Further long-term longitudinal studies examining enterobacterial

flora, dietary factors, and UC progression are also required.
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nflammatory bowel disease (IBD), which includes Crohn’s
disease and ulcerative colitis (UC), is a chronic and refractory

disease of the gastrointestinal tract with unclear cause™ Environ-

mental parameters such as meals, genetics, and abnormalities in
the immune system are regarded as causes of IBD; however,
further details are unclear. There have also been numerous reports
describing the prognosis of patients with IBD,* but here also
the details are unclear. In Japan, the number of patients with IBD
increases year by year most likely as a result of the westernization
of eating habits. Moreover, IBD appears most commonly in young
people, causing a great social burden because of its negative effect
on the ability to study and work, and a decline in the quality of life.

Current research has suggested that enterobacterial flora may
play a role in the onset and progression of IBD. Detailed gene
analysis studies have been carried out using next generation
sequencing to provide molecular details about such enterobacterial
flora. For example, there is a report that the genus Clostridium
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causes an enteric-mediated decrease in T cells® in IBD patients
compared with that in healthy people.®’ There is also a report that
a decrease in the genus Clostridium causes enteric inflammation.('”
Andoh ef al"V reported that fecal microbial communities in
patients with IBD are different from those in healthy individuals.
On the other hand, several studies examined the relationship
between dietary factors and the progression of UC. Keshteli ef al.(*?
reported that a higher intake of poultry and maltose is related to a
decreased risk of UC relapse. Jowett er al.("® reported that the
consumption of meat, red meat, processed meat, protein, and
alcohol is related to an increased risk of UC relapse. In contrast,
Brotherton ef al.!¥ did not find any association between fiber
intake and disease relapse. The aim of this study was to examine
the association among enterobacterial flora, dietary factors, and
the progression of UC, which to the best of our knowledge has not
been previously explored.

Materials and Methods

Patients and study design. This was a single center, retro-
spective cohort study. Between December 2015 and May 2017,
we enrolled 46 patients with UC at the Aichi Medical University
School of Medicine who had been diagnosed as being in remission
using the total Mayo score."® The protocol (Fig. 1) was reviewed
and approved by the Ethics Committees at Aichi Medical University
School of Medicine (No. 15-042). All patients gave their written
informed consent prior to study inclusion. First, patients answered
a questionnaire on their dietary and alcohol habits. Second, we
collected patient stool samples the morning before colonoscopy.
Third, we performed a diagnostic colonoscopy examination and
then observed the patients for one year after the colonoscopy.
After observation, we retrospectively divided the patients into
two groups (a remission group or a relapse group) depending on
whether a relapse occurred during the follow-up period. We then
analyzed the relationships among patient characteristics, dietary
factors, enterobacterial flora, and UC relapse. UC relapse was
defined as a switch of medicine, in addition to other drugs for
induction of remission, a total Mayo score of greater than 3, or if
either Mayo sub-score was greater than 2. Moreover, we measured
fecal calprotectin (FCP) and short chain fatty acids (SCFAs) in
the patients for whom we collected an adequately sized stool.
Following this, we analyzed the FCP and SCFA levels between
the two groups.
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Fig. 1.

Food and alcohol questionnaire. We asked the patients
questions about their intake of food, drink, seasonings, and pastry
during the last year using a self-administered short food frequency
questionnaire (FFQ).!® In the questionnaire sheet, the intake
frequencies were categorized as never or seldom, 1-3 times/month,
1-2 times/week, 3—4 times/week, 5—6 times/week, once/day, twice/
day, and >3 times/day. Following this, we scored the questionnaire
results and analyzed the data.

Fecal DNA extraction. Stool samples (0.2-0.5g) were
collected a day or two before colonoscopy and were then washed
three times with sterile distilled water, suspended in 4 M guani-
dinium thiocyanate, 100 mM Tris-HC1 (pH 9.0), and 40 mM
EDTA, and beaten with glass beads using a mini-bead beater
(BioSpec Products Inc., Bartlesville, OK). Thereafter, the DNA
was extracted from the bead-treated suspension using benzyl
chloride, as described by Zhu et al. The DNA extract was then
purified using a GFX™ PCR DNA and Gel Band Purification
Kit (GE Healthcare, Chicago, IL). The final concentration of
each DNA sample was then adjusted to 10 ng/pl.

Terminal restriction fragment length polymorphism
(T-RFLP) analysis. Amplification of 16S rDNA and its digestion
with restriction enzymes, size fractionation of the terminal restric-
tion fragments (T-RFs), and the analysis of the T-RF length
polymorphisms (T-RFLPs) were performed according to the
protocol described by Nagashima et al.'” Briefly, polymerase
chain reaction (PCR) was performed using a total fecal DNA
(10 ng/ul) sample and Escherichia coli-specific primer pairs for
amplification of 16S rDNA (16f: 5'-TGCCAGCAGCCGCGGTA-
3' for E. coli positions 516-532 and 1510r: 5'-GGTTACCTTGT-
TACGACTT-3' for E. coli positions 1510-1492). The 5'-end of
the forward primer was labeled with 6'-carboxyfluorescein, which
was synthesized by Applied Biosystems Inc. (Foster City, CA).
The amplified 16S rDNA genes were purified using a GFX™
PCR DNA and Gel Band Purification Kit (GE Healthcare) and
dissolved in 30 pl of distilled water. The purified PCR products
(2 pl) were digested with Bs/ 1 (10 U) at 55°C for 3 h. The lengths
of the T-RFs were determined using an ABI Prism® 3130xI
genetic analyzer (Applied Biosystems Inc.) in GeneScan mode
with standard size markers (MapMarker® X-Rhodamine Labeled
50-1,000 bp; BioVentures, Inc., Murfreesboro, TN). The frag-
ment sizes were estimated using the Local Southern Method
sizing algorithm (GeneMapper®; Applied Biosystems Inc.).

The T-RFs were divided into 30 operational taxonomic units
(OTUs) according to the method described by Nagashima et al.1”
Each OTU was quantified as a percentage of the total OTU area
and expressed as the peak percent area under the curve (%).
Cluster analyses based on the Bs/ I T-RFLP patterns were
performed using GeneMaths software (Applied Maths NV, Sint-
Martens-Latem, Belgium).
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Flowchart for this study.

Assessment of fecal calprotectin and short chain fatty
acids. The stool samples (FCP: 1 g, SCFAs: 0.1 g) were collected
a day or two before colonoscopy. FCP and SCFA levels were mea-
sured using the appropriate enzyme-linked immune sorbent assay
kit: FCP (Thermo Fisher Diagnostics Co., Ltd., Tokyo, Japan) and
SCFAs (Techno Suruga Laboratory Co., Ltd., Shizuoka, Japan).

Statistical analysis. Age, disease duration, Mayo score, the
period to relapse, blood test results, the population of bacterial
communities, diet comparison, FCP, and SCFAs are expressed as
medians and interquartile ranges (IQRs). Categorical variables
were compared between the remission group and the relapse group
using a Chi-squared test. Continuous variables and ordinal
variables were compared between the same two groups using a
Mann-Whitney U test. The correlation between enterobacterial
flora and clinical parameters [diet, endoscopic Mayo score,
disease duration (=10 years or <10 years), and treatment with
azathioprine or steroids] was analyzed using a Spearman rank
order correlation. The period to relapse was calculated using the
Kaplan-Meier method and is expressed as the median. A p value
<0.05 was considered significant. All statistical analyses were
performed using BellCurve for Excel (Social Survey Research
Information Co., Ltd., Tokyo, Japan).

Results

Patient characteristics. In this study, we analyzed a total of
46 patients with UC. The baseline characteristics of the patients
are shown in Table 1. The remission group comprised 39 patients,
and the relapse group comprised 7 patients. Twenty-one patients
in the remission group were women, whereas three patients in the
relapse group were women. The median age of the patients in the
remission group was significantly higher than that in the relapse
group (p<0.05). Moreover, disease duration in the remission group
was significantly longer than that in the relapse group (p<0.05).
However, there were no significant differences in disease location,
medication, Mayo scores, and blood test results between both
groups.

The rate of ulcerative colitis relapse. Figure 2 shows the
rate of UC relapse. The relapse rate was 15.2% in one year. More-
over, the median time to relapse was 0.83 years.

T-RFLP analysis of the fecal samples and dendrogram of
the enterobacterial flora. Table 2 shows the results of the
T-RFLP analysis. Overall, there were no significant differences in
the population of bacterial communities between the remission
and relapse groups. However, in this analysis, the detection rate of
the order Lactobacillales in the relapse group was significantly
higher than that in the remission group (100% vs 71.4%, p<0.05).
Figure 3 shows a dendrogram of the enterobacterial flora. The
vertical axis expresses the degree of similarity. Based on this
dendrogram, we were able to divide the enterobacterial flora into
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Table 1. Baseline characteristics (n = 46)

Remission group

Relapse group

(n = 39) (n=7) pvalue

Sex*

Male 18 4

Female 21 3 NS
Age (median, years)** 49 40 <0.05
Smoking

Nonsmokers 25 5 NS

Former smokers 10 2 NS

Current smokers 4 0 NA
Disease duration (median, years)** 10.8 2.3 <0.05
Disease location*

Pancolitis (n) 16 5

Left-sided colitis (n) 19 2

Proctitis (n) 4 0 NS
Medication*

5-Aminosalicylic acid (n) 34 6 NS

5-Aminosalicylic acid enema (n) 2 1 NS

Prednisolone (n) 1 0 NS

Azathioprine (n) 7 1 NS

Anti-tumor necrosis factor-o. (n) 0 0 NA

Probiotics (n) 16 3 NS

Others (n) 1 0 NA
Endoscopic Mayo score (median)** 0 1 NS
Total Mayo score (median)** 1 1 NS
Blood test**

White blood cell (median, /ul) 5,500 4,500 NS

Hemoglobin (median, g/dl) 13.8 14.3 NS

Platelet (median, 10%/ul) 23.4 26.8 NS

C-reactive protein (median, mg/dl) 0.07 0.05 NS

Erythrocyte sedimentation rate (median, mm/h) 5 4 NS

Albmin (median, g/dl) 4.3 4.4 NS

*Chi-squared test, **Mann-Whitney U test.
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Fig. 2. The rate of ulcerative colitis relapse.

seven distinct clusters. However, even visually, we were unable to
separate the two groups of patients into distinct categories.

Diet and alcohol comparison. Table 3 shows a comparison
of the diets between the two different groups of patients. The
intake of vitamin C in the remission group was significantly higher
than that in the relapse group (p<0.05). Moreover, the intake of fat
and »-3 polyunsaturated fatty acids in the remission group tended
to be higher than that in the relapse group (p =0.07 and p = 0.08,
respectively). There were no significant differences in alcohol
intake between the two groups using a Mann-Whitney U test
analysis. Similarly, when we analyzed alcohol intake using a
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Chi-squared test, we found no significant differences between the
groups.

Correlation between enterobacterial flora and clinical
parameters. Table 4 shows the only correlations that tended
to differ (p<0.1) between the different enterobacterial flora and
clinical parameters. The order Lactobacillales and total dietary
fiber, the order Lactobacillales and total energy, Clostridium
cluster XIVa and carbohydrates, and the genus Prevotella and
medication were all positively correlated with each other (» = 0.31;
p=0.03, r=0.25; p=0.08, r=0.25; p=0.08, r=0.39; p<0.01,
respectively). On the other hand, Clostridium cluster IV and
carbohydrates, and Clostridium cluster XIVa and alcohol were
both negatively correlated with each other (r =-0.27; p = 0.06,
r=-0.28; p = 0.05, respectively).

Fecal calprotectin and short chain fatty acids. We exam-
ined FCP levels in 35 patients in the remission group and in 6
patients in the relapse group. The median FCP levels (mg/kg, IQR)
in both groups were 81.5 (28.4-486.0) and 61.0 (31.8-155.9),
respectively. In the univariate analysis, there were no significant
differences in the FCP levels between the two groups (p = 0.85).
Moreover, we examined SCFA levels in 33 patients in the remis-
sion group and in 5 patients in the relapse group. The median
acetic acid, propionic acid, n-butyric acid, iso-butyric acid, »n-
valeric acid, iso-valeric, and caproic acid levels (umol/g, IQR) in
the remission group were 36.2 (23.9-51.8), 14.4 (6.3-21.6), 7.6
(3.7-12.7), 1.8 (0.5-2.8), 0.4 (0.0-1.3), 2.5 (0.8-4.0), and 0.0
(0.0-0.0), respectively. The median acetic acid, propionic acid,
n-butyric level, iso-butyric acid, n-valeric acid, iso-valeric, and
caproic acid levels (umol/g, IQR) in the relapse group were 42.3
(41.9-51.1), 12.8 (2.6-14.1), 1.8 (1.3-4.7), 1.3 (0.8-1.3), 0.4
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Table 2. Terminal restriction fragment length polymorphism analysis

Remission group (n = 39) Relapse group (n =7)
Population** Detection rate Population** Detection rate

(% of total sequences) (%)* (% of total sequences) (%)*
Bifidobacterium spp. 6.7 (2.1-25.0) 100 12.1 (7.2-17.5) 94.8
Order Lactobacillales 4.1 (1.1-21.9) 71.4¢ 8.9 (2.2-13.9) 100
Bacteroides spp. 41.5 (28.1-53.5) 100 40.2 (34.4-50.6) 100
Clostridium cluster IV 3.5(1.3-5.4) 100 6.8 (0.6-10.0) 84.6
Clostridium cluster IX 1.3(1.2-4.1) 85.7 1.8 (0.6-6.1) 87.1
Clostridium cluster Xl 0.5 (0.3-0.5) 85.7 0.0 (0.0-1.0) 46.1
Clostridium subcluster XIVa 9.5 (6.8-17.3) 100 12.6 (8.2-20.0) 100
Clostridium cluster XVIII 0.7 (0.4-2.2) 85.7 1.6 (0.9-2.1) 94.8
Prevotella spp. 0.0 (0.0-0.3) 28.5 0.0 (0.0-0.8) 30.7
Others 5.3 (5.0-7.2) 100 4.6 (3.3-7.4) 100

Data are median (interquartile range), #p<0.05 vs Relapse group. *Chi-squared test, **Mann-Whitney U test.
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Fig. 3. Dendrogram of the enterobacterial flora in patients with ulcerative colitis. The vertical axis expresses the similarity.

Table 3. Diet comparison

Reml(;ﬂ:r;g)roup Rela(;,)’si g;oup p value
Total energy (median, kcal) 1,684.9 (1,542.8-1,911.0) 1,683.7 (1,403.2-1,720.6) 0.15
Carbohydrate (median, g) 233.8 (201.1-248.9) 231.3 (185.7-251.0) 0.58
Fat (median, g) 48.7 (42.0-56.5) 41.9 (34.4-44.1) 0.07
Protein (median, g) 54.1 (46.6-61.7) 43.6 (42.5-50.3) 0.14
Vitamin C (median, mg) 82 (70.2-99.2) 63.7 (49.0-64.1) <0.05
SFA (median, g) 11.7 (9.9-14.6) 9.6 (9.1-11.3) 0.13
TDF (median, g) 11.4 (8.8-12.2) 9.5 (8.6-11.7) 0.37
n-3 PUFA (median, mg) 2,119.7 (1,892.3-2,452.7) 1,840.8 (1,723.6-1,898.5) 0.08
n-6 PUFA (median, mg) 10,614.8 (9,702.5-12,681.4) 9,613.5 (8,949.2-12,030.4) 04
Alcohol (median, kcal) 0(0-11.9) 0 (0-7.3) 0.64

Data are median (interquartile range). All analyses were performed using Mann-Whitney U test. SFA, saturated fatty
acids; TDF, total dietary fiber; PUFA, polyunsaturated fatty acids.
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Table 4. Correlation of enterobacterial flora and clinical parameters (n = 46)

Clinical parameters r p value
Order Lactobacillales TDF (9) 0.31 0.03
Order Lactobacillales Total energy (kcal) 0.25 0.08
Clostridium cluster IV Carbohydrate (g) -0.27 0.06
Clostridium subcluster XIVa Carbohydrate (g) 0.25 0.08
Clostridium subcluster XIVa Alcohol (kcal) -0.28 0.05
Prevotella Treatment with AZA or steroids 0.39 <0.01

All analyses were performed using Spearman rank order correlation. TDF, total dietary fiber; AZA,

azathioprine.

(0.3-0.6), 1.5 (0.8-2.1), and 0.0 (0.0-0.0), respectively. Using a
univariate analysis, there were no significant differences in these
SCFA levels between the two groups (p = 0.53, 0.21, 0.06, 0.27,
0.67,0.23, and 0.41, respectively).

Discussion

This is the first report exploring the association among entero-
bacterial flora, dietary factors, and UC progression. In this study,
we showed that there was only a difference in the detection rate
for the order Lactobacillales between the remission and relapse
groups, and that overall, there were no obvious differences in
enterobacterial flora populations between these two groups.
However, we did show that the intake of vitamin C decreases the
risk of UC relapse.

Currently, it is thought that enterobacterial flora is closely
correlated with the pathophysiology of UC, and as such, there
have been a few reports examining enterobacterial flora in UC. For
example, Andoh ef al.!"V reported that fecal microbial communities
could be classified into five clusters, with almost all of the patients
with inactive UC being classified into clusters I, 1I, and III. In
contrast, they reported that almost all the patients with active UC
could be classified into clusters IV and V. Fukuda et al."® also
reported that there was a significant difference in the digitized
scores of enterobacterial flora between patients with active UC
and patients with quiescent UC. Based on these reports, it can be
concluded that there is a significant difference in enterobacterial
flora between active UC patients and inactive UC patients. In this
study, we analyzed and compared fecal microbial communities
between UC patients who were either in remission or who had
experienced a relapse. We only found a difference in the detection
rate for the order Lactobacillales between the two groups of
patients. We think that the reason for this result is that, in this
study, we performed only one measurement of the fecal microbial
communities, which was at the beginning of the observation
period. In addition, the time at which all the patients underwent
relapse was in the latter half of the observation period. Therefore,
our analysis did not reflect the enterobacterial flora at the time of
UC relapse but rather reflected the enterobacterial flora present at
some significant time before relapse. It is therefore not surprising
that there were no obvious differences in the populations of
enterobacterial flora between the remission group and the relapse
group. Moreover, we think that the reason for the reported
differences in the enterobacterial flora between active UC patients
and inactive UC patients is due to UC relapse itself or due to
changes in the enterobacterial flora just before UC relapse. We
therefore need further studies to observe changes in the entero-
bacterial flora over time.

Previous studies have reported that there is a relationship
between dietary factors and the progression of UC. For example,
Keshteli et al'® compared the intake of nutrients and food
between a UC remission group and a UC relapse group. They
showed that a higher intake of poultry and maltose was related
to a decreased risk of UC relapse. They also showed that there was
no significant difference in the intake of vitamin C between the

156

two groups. Vitamin C is a well-known antioxidant, and there
have been several reports examining the relationship between
antioxidants and UC therapy. In this regard, Kimura et al.1%2%
reported that 5-[4-(2-carboxyethylcarbamoyl) phenylazo] salicylic
acid disodium salt dihydrate (CAS 80573-04-2, BX661A) is being
developed as a new therapeutic drug for the treatment of UC. In
addition, the gastro-protective drug rebamipide, an amino acid
derivative of 2-(1H)-quinolinone, is also active as a hydroxyl
radical scavenger in virro.?'*» In our study, vitamin C intake
was found to be associated with a decreased risk of UC relapse.
Since Heesook ef al.®® reported that nutrition intervention should
be carried out to ensure better treatment efficacy in IBD patients,
we think that an increased intake of vitamin C would play a role
in preventing UC relapse. On the other hand, Sugihara et al.®
reported that dietary phosphate exacerbates intestinal inflamma-
tion in experimental colitis. In this study, we were not able to
examine the intake of phosphate. Thus, further prospective studies
that consider the intake of phosphate in IBD patients are needed.

In this study, we also analyzed the correlation between entero-
bacterial flora and clinical parameters. Prior to this study, there
were several reports examining the correlation between entero-
bacterial flora and dietary factors. The enterobacterial flora digests
numerous dietary fibers, which are not able to be digested by the
human gastrointestinal tract, and in the process, the levels of
SCFAs such as butyric acid, propionic acid, and acetic acid
increase. Butyric acid and propionic acid are important energy
sources for the epithelium of the colonic mucosa. Moreover,
butyric acid and propionic acid derive control-related T cells, and
reduce colonic inflammation.??® Consistent with a previous
report, in our study, the order Lactobacillales and TDF were
positively correlated with each other in UC patients. From the
results of this study, we hypothesize that dietary factors can
influence the enterobacterial flora in UC patients, and therefore,
this requires further study.

In our study, we also found that there were no significant
differences in FCP and SCFA levels between the remission and
relapse groups. Recently, FCP has been reported to be a predictor
of relapse in UC. Lasson et al.®” reported that patients with
elevated FCP levels are at risk of relapse within 3 months
following FCP increase. Moreover, Ferreiro-Iglesias et al.®®
showed that high FCP levels predict a relapse occurring within
the following 2 months in IBD patients undergoing infliximab
maintenance therapy. In accordance with our data on entero-
bacterial flora, we think that the reason for the lack of significant
differences in FCP SCFA levels between the remission and
relapse groups in our study is that relapse times in all the patients
in the relapse group were more than 6 months from the beginning
of observation. As reported, we also think that FCP and SCFA
levels allow for a prediction of relapse within a few months.
Further studies are therefore required to address this.

There are some limitations in this study. First, this study
included a relatively small number of UC patients in a single
center. Second, we only analyzed the enterobacterial flora once at
the beginning of the observation period. We recognize the need to
analyze microbial communities in UC relapse patients over
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periods of time to confirm the usefulness of analyzing microbial
communities as a prognostic factor in UC patients. Third, we
were not able to obtain enough feces to measure FCP and SCFA
levels in all patients.

In conclusion, there were no obvious differences in entero-
bacterial flora between the UC remission group and the UC
relapse group. However, we did show that there was a relationship
among enterobacterial flora, diet, and UC progression. In the
future, a detailed analysis of enterobacterial flora taken over time
in UC relapse should be conducted. Moreover, we think that
further long-term longitudinal studies examining enterobacterial
flora, dietary factors, and UC progression are needed.
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