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Fecal microbiota transplantation combined with
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Abstract
Background: The therapeutic effects and mechanisms underlying fecal microbiota transplantation (FMT)
for treatment of ulcerative colitis (UC) are unclear. Prebiotics may regulate intestinal �ora in UC. Thus, this
study investigated the effects of combined FMT and prebiotic blends for the treatment of UC in a mouse
model.

Methods: Dextran sulfate sodium was used to induce UC in mice. Mice were treated with FMT alone or
combined with various ratios of galacto-oligosaccharides (GOS) and fructo-oligosaccharides (FOS).
Treatment effects were evaluated by assessing Disease Activity Index (DAI) scores and colonic tissue
stained with hematoxylin-eosin. Intestinal �ora and in�ammation-related factors were investigated in
feces or peripheral blood by 16S rRNA and enzyme-linked immunosorbent assays, respectively. Protein or
mRNA expression levels of free fatty acid receptor 3 (FFAR3) and ZO-1, a tight junction protein, in colonic
tissue were detected by PCR, Western blotting, or immuno�uorescence.

Results: Compared with FMT treatment alone, FMT combined with GOS:FOS (9:1) signi�cantly reversed
body weight loss, decreased DAI scores, and ameliorated indications of UC. This combined treatment
also increased intestinal levels of Lactobacillus and Bi�dobacterium and promoted short-chain fatty acid
metabolism, with increased expression of acetic acid, butyric acid, FFAR3 mRNA, and ZO-1 protein.

Conclusions: Treatment with FMT plus a prebiotic blend ameliorated UC in a mouse model, restoring the
structure of the intestinal �ora and increasing the levels of acetic acid, butyric acid, FFAR3, and ZO-1.
These �ndings provide evidence that clinical studies are warranted assessing FMT plus prebiotic blends
for treatment of patients with UC.

Introduction
Ulcerative colitis (UC) is an in�ammatory bowel disease that is accompanied by damage to the colonic
mucosa or submucosa [1]. The annual morbidity of UC has been rapidly increasing worldwide. Although
the etiopathogenesis of UC remains unclear, the principal reasons have been attributed to an intestinal
dysimmune response and to dysbiosis of the gut microbiota [2]. Fecal microbiota transplantation (FMT) is
a relatively new therapeutic strategy being considered for treating several intestinal diseases, including
clostridium di�cile infection and in�ammatory bowel disease [3]. In 2013, the US Food and Drug
Administration agreed to regulate FMT as a drug and biological product [4]. Fecal microbiota used for
FMT contains a large number of bene�cial symbiotic bacteria, and the treatment e�ciency of FMT on
recurrent clostridium di�cile infection has reached approximately 90% [5]. However, the results of studies
assessing the bene�cial effects of FMT in the treatment of UC are mixed. For example, a randomized
clinical trial that followed up patients for 8 weeks after FMT showed that the effective rate for this
procedure in the treatment of UC was only 32% [3]. In another study, 56% of patients with moderate to
severe UC achieved clinical remission at week 12 following FMT [6]. Therefore, �nding an approach to
improve �ora transplantation for the treatment of UC is clinically important.
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Prebiotics are compounds that can be metabolized and utilized by intestinal microorganisms but cannot
be digested by the human body [7]. A few clinical studies have assessed the effects of prebiotics on
human diseases, including in�ammatory bowel disease and Alzheimer disease [8, 9]. Prebiotics
bene�cially stimulate the growth and activity of intestinal bacteria to ameliorate intestinal diseases [10].
One study showed that the administration of prebiotics increased the amount of the genus
Bi�dobacterium [11, 12]. Because of their similar structure to human milk oligosaccharides, galacto-
oligosaccharides (GOS) and fructo-oligosaccharides (FOS) are used as milk powder additives to regulate
the intestinal function of human infants [13–15]. A clinical study showed that 15 g of FOS administered for
3 weeks increases fecal Bi�dobacteria concentrations and modi�es mucosal dendritic cell function in
patients with Crohn disease [16]. In an animal study, administration of a prebiotic mixture (ratio of scGOS:
lcFOS, 9:1) ameliorated rotavirus-induced diarrhea [17]. Synbiotics are a mixture of probiotics and
prebiotics [18]. One study showed that 40 patients with UC given synbiotic therapy achieved greater
quality of life changes and lower C-reactive protein levels than patients with UC receiving only probiotics
or prebiotics [19].

Thus, the goal of this study was to assess the effects of administering an FMT product combined with
prebiotics on a mouse model of UC.

Materials And Methods
Animals and treatment groups

All animal experiments were conducted consistent with the protocol approved by the Animal Ethics
Committee of Yijishan Hospital of Wannan Medical College. Five- to six-week-old male ICR mice
purchased from the Qinglongshan Animal Breeding Farm (Nanjing, China) were randomly housed in nine
groups of 10 mice per cage in a room with a temperature of 24-25 ℃, humidity of 40%-60%, and a 12-h
light/dark cycle for 1 week before animal experiments were performed. The mice had free access to
standard chow and water.

Mice in the nine groups received the following treatments (Figure 1A). The healthy control group received
no treatment. The group comprising the mouse model of UC induced by the administration of 5% dextran
sulfate sodium (DSS; molecular weight, 36-50 kDa; Yeasen Biotechnology) received no other treatment
[20]. The FMT group comprised mice with UC induced by 5% DSS and treated with FMT. Three groups of
mice received 5% DSS and were then treated with one of three prebiotic blends with ratios of GOS:FOS at
9:1, 1:1, or 1:9. The �nal three groups comprised mice with UC induced by 5% DSS followed by treatment
with both FMT and with one of the three prebiotic blends. The entire animal experiment lasted for 1
month (Figure 1A). During the experiment, the Disease Activity Index (DAI) of each mouse was
determined using the criteria given in Table 1, and feces were collected at various times for subsequent
analyses. At the end of the experiment, all mice were euthanized.

Chemicals and reagents
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We purchased DSS (molecular weight, 36-50 kDa) from Sigma-Aldrich (42867-100G, Shanghai China).
We obtained PBS from Beyotime Biotechnology (Beijing, China). Food-grade GOS and FOS were
purchased from Henan Ruian Biotechnology Co., Ltd.

Preparation and transplantation of mouse fecal microbiota

To prepare fresh mouse feces for each FMT, we collected two to �ve fresh fecal pellets from mice in the
control group. We added 600 µL of sterile reduced phosphate-buffered saline (PBS) containing 0.5 g of L-
cysteine and 0.2 g of L-sodium sul�de and homogenized the suspension. After centrifugation at 500 × g,
the supernatant was collected to obtain a suspension with the bacterial �ora. Each mouse in the
experimental groups received a bacterial colony suspension of 100 µL by gavage. The control groups
were given an equal volume of PBS or the prebiotic blend vehicle [21].

Enzyme-linked immunosorbent assay (ELISA)

Orbital venous blood was collected in 2-mL Eppendorf tubes containing anticoagulant and immediately
centrifuged to isolate blood serum prior to mice being euthanatized. Colonic tissues were collected and
homogenized in PBS. The supernatant was centrifuged at 12,000 × g and 4 °C for 30 min. The levels of
cytokines (tumor necrosis factor alpha [TNF-α], transforming growth factor beta [TGF-β], interleukin 6 [IL-
6], and IL-10 in orbital venous blood and colonic tissues were detected using ELISA kits (Shanghai Elisa
Biotech Co., Ltd.) in accordance with the manufacturer's instructions.

Western blotting

Protein from the colon tissue or cells was extracted using RIPA lysis buffer containing 10%
phenylmethylsulfonyl �uoride, and protein levels were determined and analyzed using western blotting.
Total protein was boiled in loading buffer at 90 ℃ for 5 min and separated using sodium dodecyl–
sulfate polyacrylamide gel electrophoresis with 8% or 10% gels to obtain the target proteins.
Polyvinylidene di�uoride membranes were used as a protein carrier and blocked with 5% skimmed milk.
The membranes were incubated with primary antibodies anti–free fatty acid receptor 3 (FFAR3) (1:1000),
anti-GAPDH (1:5000), overnight and then with secondary antibodies for 2 hours. The membranes were
imaged using Quantity One (version 4.5.2) software, and the protein bands were analyzed using ImageJ
software (National Institutes of Health, Bethesda, Maryland).

Hematoxylin and eosin staining and immuno�uorescence assay

Colonic tissue obtained from mice was washed in physiological saline and �xed with formalin (4% [w/v]
paraformaldehyde). The �xed tissues were para�n-embedded and sliced into 4-μm sections. Some
sections were stained with hematoxylin and eosin and observed under a light microscope (Olympus,
Tokyo, Japan) at a magni�cation of 400×. A 5-point grading system was used for histopathological
analysis with scores of 0 to 4 points as follows: 0, no in�ammation; 1, low leukocyte in�ltration and no
structural change; 2, moderate in�ltration, expansion and deformity of leukocytes, and no ulcer in
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mucosal glandular duct; 3, severe leukocyte in�ltration, accompanied by increased vascular density and
intestinal wall thickening; 4, massive in�ltration of leukocytes, high vascular density, swelling and
deformation of glands, obvious loss of goblet cells, thickening of intestinal wall, and ulceration. Other
sections were used for immuno�uorescence assays. After the sections were depara�nized and hydrated,
they were incubated with 3% hydrogen peroxide to block endogenous peroxidase activity. Antigen retrieval
was achieved by boiling the sections in citrate buffer for 30 min. The sections were then blocked with 5%
bovine serum albumin and incubated with primary antibodies to ZO-1 (13409-1-AP, Proteintech) overnight
at 4 °C. Afterward, the sections were stained with diaminobenzidine (Boster Biological Technology,
Pleasanton, CA).

Determination of short-chain fatty acids (SCFAs) in mouse feces

Mouse fecal samples were collected and stored at −80 ℃ without a cryoprotectant until analyzed.
Concentrations of SCFAs were measured by gas chromatography coupled with mass spectrometry (GC-
MS) and the results are presented as μg/g of feces. The GC-MS system included a 7890B gas
chromatograph, a 5977 mass selective detector, and an HP-5ms capillary column (Agilent Technologies,
Santa Clara, CA) [23]. The following conditions were used: temperature of injection port, 250 ℃; ion
source temperature, 300 ℃; and transmission line temperature, 250 ℃. The carrier gas was helium, and
the carrier gas �ow rate was 1.0 mL/min. The MS conditions included an electron bombardment
ionization (EI) source, SIM scanning mode, and electron energy of 70 eV.

Quanti�cation of gene expression in colonic tissues

Total RNA was extracted from colon tissues incubated in RNAlater using a TRIzol kit (Cat. No. 10296011,
Thermo Fisher). The ratio of the absorbance at 260 nm and 280 nm and the RNA concentration were
measured using a Nanodrop ND-9000 spectrophotometer. The cDNA produced by reverse transcription of
DNA from RNA was diluted and used for quantitative real-time polymerase chain reaction (qRT-PCR)
analysis with the following conditions: 30 s at 95 °C; followed by 5 s at 95 °C and 30 s at 60 °C for 40
cycles, according to instructions provided in the kit. The gene primer sequences are given in Table 2.

16S rRNA analysis

Feces from each group of mice were collected at speci�c points in the study and were immediately stored
at −80 °C before DNA extraction. Libraries were prepared following the 16S Metagenomic Sequencing
Library Preparation protocol from Illumina. Brie�y, the V3–V4 region from 16S rRNA was ampli�ed using
primers 341F/805R to which Illumina Sequencing adapters and dual-index barcodes of the Nextera XT kit
were added (forward 5′-TCGTCGGCAGCGTCAGATGTGTATAAG AGACAGCCTACGGGNGGCWGCAG-3′ and
reverse 5′-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3′). Sequenced
amplicons were clustered into operational taxonomic units and subjected to diversity analyses (Chao1
index and Shannon index) using the Wilcoxon rank sum test to re�ect within-community microbiota
diversity. Principal component analysis and principal coordinate analysis were performed by using the R
package to analyze the variance in the microbiota composition.
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Statistical analysis

Statistical analyses were conducted using GraphPad Prism, version 9.0. One-way analysis of variance
was conducted for multiple group comparisons. Unless otherwise stated, data are expressed as means ±
standard deviations. A two-sided P < 0.05 was considered statistically signi�cant.

Results
Effects of FMT and blended prebiotics in a mouse model of UC

As shown in Figure 1A, mice subjected to the UC model were treated with FMT or with FMT plus blended
prebiotics for 3 weeks. Compared with that in the healthy control group, the length of the colon for mice in
the UC group was markedly shorter (p<0.001). Compared with that of the UC group, colonic length was
signi�cantly longer for mice in the three groups in which FMT was combined with the prebiotic blends at
GOS:FOS ratios of 9:1, 1:1, or 1:9 (Figure 1B). Although colonic length appeared to be longer for mice
treated with FMT alone or with one of the three prebiotic blends alone compared with mice in the UC
group, these differences were not statistically signi�cant. A plot of body weight against time during the
study (Figure 1C) illustrated that the continuous weight loss of all mice subjected to the UC model in the
�rst 7 days was steadily ameliorated after administration of FMT or a blended prebiotic alone or of FMT
combined one of the three prebiotic blends. A plot of the DAI scores for all nine groups with time (Figure
1D) showed that the increased scores for all mice in UC groups gradually decreased with time for groups
receiving both FMT and a blended prebiotic with no statistically signi�cant difference between the
various treatment groups, except for the UC model group. Furthermore, compared with that in the control
group, mice in the UC groups had a large number of in�ammatory cells in�ltrating their damaged colon
tissue and intestinal villus structural disorders (Figure 1E). The pathological scores as quanti�ed by
analyses of hematoxylin and eosin staining according to a histologic 5-point grading system indicated
that the lowest score for mice with UC was observed in the group that received both FMT and the
prebiotic blend of GOS:FOS with a 9:1 ratio (GOS:FOS 9:1).

Cytokine expression levels in mice

Changes in the levels of in�ammatory factors are an important cause of UC. Thus, we examined the
levels of the proin�ammatory cytokines IL-6 and TNF-α and the anti-in�ammatory cytokines IL-10 and
TGF-β in both peripheral blood and colonic tissue by using ELISA kits. As depicted in Figure 2, the
expression levels of pro- and anti-in�ammatory cytokines in peripheral blood were not signi�cantly
different among the nine groups (Figure 2A). However, in colonic tissue, compared with those in the
control group, the levels of IL-6 and TNF-α were markedly increased in the UC group (Figure 2B), and the
levels of IL-6 in the FMT group were signi�cantly lower than those in the UC group. The combine
treatment of FMT and GOS : FOS 9:1 signi�cantly decreased colonic tissue levels of both IL-6 and TNF-α
compared with treatment with FMT alone. In addition, the levels of anti-proin�ammatory IL-10 and TGF-β
in colonic tissue of mice treated with the combination of FMT and GOS : FOS 9:1 were signi�cantly
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higher than those in mice treated with FMT alone. Any differences in cytokine levels of mice in the other
treatment groups were not statistically signi�cant.

Alteration in the microbiota community by combined treatment with FMT and prebiotics

Our results to this point indicated that the prebiotic blend of GOS : FOS at a ratio of 9:1 combined with
FMT had the best therapeutic effect in a mouse model of UC. Thus, to further explore this therapeutic
effect, we analyzed the fecal microbiota by measuring α-diversity and β-diversity through 16S rRNA
sequencing. At the genus level, we found that Lactobacillus was the main component of the microbiota
community in the control group but was decreased signi�cantly in UC group. After the combined
treatment with FMT and GOS : FOS 9:1, the reduction in the relative abundance of Lactobacillus was
signi�cantly restored, whereas the slight increase in the group treated with FMT alone was not
statistically signi�cant (Figure 3A). The proportion of other bacteria in the community was relatively
small, and any changes were not apparent. The Chao1 index and the Shannon index represent species
richness and species diversity, respectively. The Chao1 index for the group treated with FMT plus
GOS:FOS 9:1 was higher than that of UC group, with the same tendency for the Shannon index (Figure 3B,
C). SCFAs are the most common metabolites of intestinal �ora. Here, using GC-MS, we detected seven
SCFAs in feces that had been stored at −80 ℃. The levels of acetic acid and butyric acid were
signi�cantly increased in the group treated with FMT plus GOS:FOS 9:1 compared with the UC group
(Figure 3D, E). Lactobacillus, Bi�dobacterium, Prevotella, and Pediococcus were positively correlated with
the seven SCFAs, whereas Odoribacter and unidenti�ed S24-7 were negatively correlated with the seven
SCFAs. These data suggested that the administration of FMT plus GOS : FOS 9:1 mainly affected
acidogenic bacteria.

Effects of FMT plus GOS:FOS 9:1 on FFAR3 and ZO-1

Previous studies have shown that SCFAs affect the in�ammatory response of intestinal epithelial cells
through cell surface G-protein–coupled receptors [22]. In the present study, the SCFA receptor FFAR3 (also
known as GPR41) in colonic tissue was analyzed at the protein and mRNA levels by using western
blotting and qPCR analyses, respectively (Figure 4A, B). The results showed that the mRNA levels of
FFAR3 in colonic tissue of mice in the UC group were signi�cantly lower than those in control mice but
were restored by treatment with FMT plus GOS:FOS 9:1. In the present study, the intestinal barrier of mice
in the UC group was signi�cantly damaged compared with that in the control group, as shown by the
decreased immuno�uorescence expression of ZO-1, a tight junction protein (Figure 4C). However,
treatment with FMT plus GOS:FOS 9:1 prevented the loss of ZO-1 in epithelial cells. These results for ZO-
1 were veri�ed using western blot analyses (Figure 4D).

Discussion
UC is an autoimmune disease of the bowel with colonic in�ammation and high frequencies of remission
and relapse [23]. FMT as a novel treatment of bowel disease is developing rapidly, and its indications are
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increasing, for example, as a therapy for recurrent clostridium di�cile infection, UC, obesity, and
Alzheimer Disease [3, 24–27]. However, the effect of FMT in the treatment of UC has been unsatisfactory,
with signi�cant therapeutic effects ranging from as low as 30.4% to as high as 67.7% [28, 29]. The results
of the present study indicated that combining FMT with a blend of prebiotics substantially ameliorated
UC in a mouse model. The blend of prebiotics with GOS:FOS at a ratio of 9:1 was better than the other
ratios tested for ameliorating clinical indications of UC, and the use of this prebiotic blend with FMT
provided signi�cantly better therapeutic effects than FMT alone, including as assessed using the DAI
score and pathological analyses.

The factors contributing to UC are complex and multiple, including internal factors, such as genes and the
autoimmune system, and external environmental factors, such as intestinal bacteria, living habits, and
work stress [30]. Clinical research has shown that the richness and diversity of the fecal microbiota among
patients with UC are signi�cantly lower than those in healthy individuals [31]. Oral administration of 5%
DSS is the most commonly used method to establish an animal model of UC in mice [32]. Previous
studies have found that the fecal microbiota undergoes a signi�cant change in this mouse model of UC
[33]. Consistent with those previous clinical and animal studies, our analyses indicated that both the
Chao1 index and the Shannon index were lower in the UC group compared with health control group,
suggesting decreased richness and diversity of fecal microbiota in the UC mice (Fig. 3B, C).

For the preparation of the fecal microbiota in FMT group, we referred to the study by Bárcena et al., [21]

and FMT was introduced after the animal model of UC was established. It has been shown that FMT
regulates the intestinal microbiota community and improves clinical indicators in a UC model [34]. In the
present study, FMT improved some clinical indicators, such as weight loss and the DAI score, but co-
treatment with FMT and the prebiotic blend GOS:FOS 9:1 showed a better overall therapeutic effect than
FMT alone, especially in the histopathologic (Fig. 1E) and anti-in�ammatory responses (Fig. 2B). TNF-α
and IL-6 as proin�ammatory cytokines, and TGF-β and IL-10 as anti-in�ammatory cytokines, contribute to
the initiation of UC [35]. Our study showed that co-treatment with FMT and the prebiotic blend GOS:FOS
9:1 promoted an increase in these anti-in�ammatory factors and a decrease in these pro-in�ammatory
factors in colonic tissue, with no signi�cant change in either factor in peripheral blood (Fig. 2A, B). In our
study, the UC model was established during 7 days and the various treatments were administered starting
immediately afterward for the next 7 days. Given this time frame, it is not unexpected that the
in�ammatory reactions occurred in local tissues but were not detected in peripheral blood.

FOS and GOS are two bene�cial prebiotics in the human intestinal intact [36, 37]. Previous studies have
shown that GOS and FOS play important roles in calming the intestinal microecology, alleviating mental
diseases, and regulating the immune system [38, 39]. The composition of gut microbiota can be easily
modi�ed by consuming a diet containing prebiotics [40]. In a study by Shoemaker et al. [41],
Bi�dobacterium in the intestine are probiotics and show an obvious dose response to GOS. Human milk
contains a small amount of oligosaccharides and requires substantial work for an infant to obtain at
useful doses [42]. The addition of a 9:1 mixture of GOS:FOS to infant formula has shown a variety of
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health promoting effects and a reduction in infection rates [43, 44]. Moreover, prebiotics can prevent and
ameliorate UC, [8, 45] and a previous study showed that a blend of prebiotics moderated the microbiota
community [46]. In the present study, a blend of two prebiotics (GOS and FOS) in three proportions (9:1,
1:1, 1:9) was administrated to groups of mice. We found non-statistically signi�cant differences in the
microbiota community among the prebiotic-treated groups compared with the UC group. The relative
abundance of the fecal microbiota in the UC group was signi�cantly decreased compared with the control
group (Fig. 3A). By contrast, the group treated with FMT plus GOS:FOS 9:1 showed an increase in the
diversity of intestinal microbiota, which was restored to nearly control levels. In other studies with animal
models of obesity and Parkinson disease, FMT ameliorated the �ora imbalance [47, 48].

Our study showed increases in the Chao1 index and Shannon index for gut microbiota after treatment
with FMT alone compared with the UC group [34]. The balance between pro- and anti-in�ammatory factors
is typically shifted in UC [35]. In the present study, the levels of the pro-in�ammatory cytokines IL-6 and
TNF-α, which are associated with human in�ammatory bowel disease, were signi�cantly increased in the
UC group but were decreased after FMT treatment alone or in combination with GOS:FOS 9:1. This result
is consistent with previous reports [34, 49]. In our study, the levels of the anti-in�ammatory cytokines IL-10
and TGF-β showed the opposite tendency. Those in�ammatory-related factors are mainly produced by
monocytes/macrophages and lymphocytes in colonic tissue, which may be a reason for the small
changes in the levels of these factors in peripheral blood [28, 35]. Several reports have indicated that the
occurrence of in�ammatory factors is related to intestinal bacteria. Saccharomyces boulardii signi�cantly
decreased TNF-α and IL-6 to levels in azoxymethane/DSS-induced UC carcinogenesis [49]. The
administration of a probiotic mixture containing Lactobacillus acidophilus LA-14, Lactobacillus casei LC-
11, Lactococcus lactis LL-23, Bi�dobacterium bi�dum BB-06, and Bi�dobacterium lactis BL-4 signi�cantly
increased TNF-α levels in a double-blind randomized trial [50]. The mechanisms whereby intestinal
microbiota affect the in�ammatory response remain unclear. Thus, we did not analyze the relationship
between the gut microbiota and the four cytokines. SCFAs are metabolites of the intestinal �ora that
regulate the pH of the intestinal environment and provide energy to intestinal epithelial cells [51]. Fecal
samples from humans with UC show reduced acetic acid and propionic acid levels but not butyric acid
levels [52, 53]. A previous study using the same mouse model of UC as our study showed a reduction in
SCFAs levels consistent with our study results [54]. The effect of SCFAs on colonic in�ammation has been
inconsistent. One study showed that butyrate relieved mucosal damage and in�ammation, [55] but
another study showed that butyrate had no effect on anti-in�ammatory responses [56]. We found that the
combination of FMT and blended prebiotics signi�cantly increased the levels of acetic acid and butyric
acid in feces (Fig. 3D, E) although other SCFAs did not change. Our correlation analysis indicated that
Lactobaciius, Bi�dobacterium, Prevotella, and Pediococcus had a positive relationship with the levels of
SCFAs, whereas Odoribacter, unidenti�ed S24-7, and Turicibacter had a negative relationship.
Lactobaciius, Bi�dobacterium, and Prevotella have been shown in previous studies to produce acid [57–

59].
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Conclusion
The key �nding of this study was that coadministration of FMT with a prebiotic blend of GOS and FOS at
a ratio of 9:1 signi�cantly alleviated indications of UC in a mouse model of the disease. The clinical
improvements were accompanied by increased levels of SCFAs and the tight junction protein ZO-1. Our
�ndings provide evidence that clinical studies are warranted to assess the effects of FMT combined with
prebiotic blends for treatment of UC in humans.
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Tables
Table 1. Disease Activity Index (DAI) scoring system.

DAI score Weight loss ( ) Stool consistency Occult/gross bleeding

0 None Normal Normal

1 1-5    

2 5-10 Loose Hemoccult positive

3 10-15    

4 >15 Diarrhea Gross bleeding

Table 2. Gene primers used for quantitative real-time polymerase chain reaction analyses

Target gene          Primer sequence (5′-3′)

GAPDH Forward: CATGGCCTTCCGTGTTCCTA

Reverse: GCGGCACGTCAGATCCA

FFAR3 Forward: GAGTCTGCTGTGCCCTTCTC

Reverse: GCTTTCTTGGGCTTCCTCTT

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; FFAR3, free fatty acid receptor 3.

Figures
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Figure 1

Treatment with fecal microbiota transplantation (FMT) plus galacto-oligosaccharides (GOS) and fructo-
oligosaccharides (FOS) ameliorates signs of ulcerative colitis (UC) in a mouse model. A, Schematic
diagram showing the protocol throughout the study for the nine experimental groups. B, Comparison of
the lengths of the colon obtained from mice in the nine groups. C, Body weights recorded daily
throughout the experiment. D, Disease Activity Index (DAI) scores of mice evaluated by assessing weight
loss, stool consistency, and fecal occult blood. E, Colon tissue sections stained with hematoxylin and
eosin analyzed under a light microscope with a 40× objective. The pathological score was quanti�ed
using a 5-point grading system. BP1, BP2, and BP3 represent prebiotic blends with ratios of GOS:FOS at
9:1, 1:1, and 1:9, respectively. CT represents the control group; UC, the group subjected to the ulcerative
colitis protocol without further treatment. * p<0.05, **P<0.01, ***p<0.001, and ## p<0.01 for the indicated
comparisons.
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Figure 2

Effects of fecal microbiota transplantation (FMT) with prebiotic blends of galacto-oligosaccharides
(GOS) and fructo-oligosaccharides (FOS) on in�ammatory cytokine expression levels in a mouse model
of ulcerative colitis (UC). A, Cytokine expression levels analyzed by ELISA in serum of peripheral blood. B,
Cytokine expression levels analyzed by ELISA in colonic tissue. IL, represents interleukin; TNF-α, tumor
necrosis factor α; TGF-β, transforming growth factor beta; BP1, BP2, and BP3, prebiotic blends with ratios
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of GOS:FOS at 9:1, 1:1, and 1:9, respectively. CT represents the control group; UC, the group subjected to
the ulcerative colitis protocol without further treatment. * p<0.05 compared with the UC group; # p<0.05,
## p<0.01 compared with the FMT group.

Figure 3

Analyses of fecal microbiota and metabolites. A, Relative abundance of fecal microbiota at the phylum
level. B and C, the Chao index and Shannon index for the microbiota community analyzed by 16s RNA
sequencing. D and E, Detection of micro�ora metabolites acetic acid and butyric acid by GC-MS. F,
Correlation between the abundance of gut microbiota at the phylum level and metabolite short-chain fatty
acids. * p<0.05 compared with the UC group; # p<0.05 compared with the FMT group.



Page 19/20

Figure 4

Effects of fecal microbiota transplantation (FMT) combined with prebiotic blend GOS:FOS 9:1 on colonic
tissue in a mouse model of ulcerative colitis (UC). A, Relative mRNA expression levels for FFAR3 (GPR41)
obtained using quantitative PCR. B, Protein expression levels of FFAR3 obtained using western blot
analyses. C, Immuno�uorescence expression and distribution of the tight junction protein ZO-1 in colonic
epithelial tissue observed under a �uorescence microscope (magni�cation, 100×). D, Western blotting
results and analyses showing expression levels of ZO-1 in colonic tissue of the indicated groups. UC
represents the group subjected to the UC protocol without further treatment; FMT, fecal microbiota
transplantation; and BP1, prebiotic blend of GOS:FOS with a ratio of 9:1. * p<0.05, ** p<0.01 , and ***
p<0.001 for the indicated comparison.



Page 20/20


