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Objective: The present study was performed to evaluate the effect of intestinal microbiota transplantation (IMT) on intestinal flora
and inflammatory factor levels in patients with ulcerative colitis (UC).

Methods: In this study, 94 UC patients who attended the Department of Proctology or the Department of Gastroenterology
departments of Sinopharm Dongfeng General Hospital between April 2021 and April 2022 were identified as research participants
and were assigned to the control or Research Groups via the random number table method, with 47 cases in each group. Interventions
included oral mesalamine for patients in the control group and oral mesalamine plus IMT for those in the research group. Outcome
measures included clinical efficacy, intestinal microbiota score, enteroscopy score, Sutherland index, inflammatory factor level,
intestinal mucosal barrier function level, and adverse reactions.

Results: Mesalamine plus IMT was associated with significantly higher treatment efficiency (97.8%) versus mesalamine alone
(80.85%) (P<0.05). Mesalamine plus IMT provided a better intestinal microbiota balance and milder disease symptoms versus
mesalamine, as evidenced by the significantly lower intestinal microbiota scores, colonoscopy scores, and Sutherland index
(P<0.05). In post-treatment, patients with IMT exhibited more mitigated inflammatory responses than those without, as shown
by the higher levels of tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1B), interleukin-17 (IL-17), and interleukin-23 (IL-
23) (P<0.05). Significantly lower D-lactate and serum diamine oxidase (DAO) levels were observed after IMT intervention
than those with mesalamine alone (P<0.05). IMT features no significant increase in adverse effects than the control group
(P>0.05).

Conclusion: IMT efficiently ameliorates the intestinal microbiota conditions of UC patients, mitigates inflammatory responses in the
body, and facilitates the restoration of intestinal mucosal barrier function with no significant increase in adverse effects.
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Introduction

Ulcerative colitis is a chronic, nonspecific inflammatory disease of the colon and rectum whose etiology is not
well understood, and lesions are confined to the mucosa and submucosa of the large intestine.! Lesions are mostly
located in the sigmoid colon and rectum, but can also extend to the descending colon or even the entire colon.
The course of the disease is long and often recurrent.” The common clinical symptoms of UC include nausea and
vomiting, diarrhea, abdominal pain, bloody stools, and weight loss, characterized by long disease duration,
intractability, and recurrent episodes.’ The pathogenesis and causes of UC are clinically elusive and have been
reported to be linked to environmental and genetic factors or dysbiosis of intestinal flora.* Gut bacteria play a key
role in initiating and maintaining inflammatory processes in intestinal tissues in patients with UC by providing

antigens or other stimulating factors that trigger immune cell activation.” Studies have shown that changes in the
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composition of the gut microbiota and a decrease in gut microbial species diversity in IBD patients are associated
with the pathogenesis of UC compared to healthy controls.®

Antibiotics, corticosteroids, and immunosuppressants are commonly used in UC. Mild patients can be treated with
drugs such as mesalamine or sulfasalazine, and if it is moderate to severe, it needs to be treated with glucocorticoids, and
more severe it needs to be controlled with biological agents.” However, inconsistency exists in symptom mitigation
among patients, and the side effects and drug resistance contribute substantially to the poor long-term medication
compliance of patients.® Thus, there exists an urgent need to explore novel treatment modalities to improve patient
prognosis. Previous research identified tremendous variations in the distribution and species of intestinal flora in patients
with active UC compared with the healthy population.’ In contrast to the previous probiotic supplementation and
multiple probiotic complexes, intestinal microbiota transplantation (IMT) provides richer and more physiologically
demanding flora and has been clinically employed in the management of constipation, irritable bowel syndrome, and
other gastrointestinal diseases.'’

In this study, we aimed to explore the clinical effect of IMT on intestinal flora and inflammatory factor levels in UC
patients.

Materials and Methods

Participants

This study identified 94 UC patients who attended the Department of Proctology or the Department of Gastroenterology
in Sinopharm Dongfeng General Hospital between April 2021 and April 2022 as research participants and assigned them
to either a control group or a research group via random method, with 47 cases in each group. Participants were randomly
and equally allocated into two groups using a randomization calculator (http://www.randomization.com). The study was

done in accordance with Good Clinical Practice and the ethical principles originating in the Declaration of Helsinki. The
protocol and informed consent document were approved by the ethics committee of Sinopharm Dongfeng General
Hospital for each clinical site. Ethics No.: NU-Y20210201.

Inclusion and Exclusion Criteria
Inclusion criteria: 1) Diagnosed with UC, with the Mayo score 3 to 10; 2) the degree of ulcerative colitis did not exceed
the moderate standard; 3) the patients had clinical symptoms such as abdominal pain, diarrhea, blood in stool, and
vomiting; 4) the patients did not receive systematic therapeutic interventions before participating in this study; 5) the
patients and their families voluntarily participated in this study and signed the relevant informed consent forms.
Exclusion criteria: 1) patients with contraindications or allergic reactions to the treatment modalities and drugs in this
study; 2) systemic diseases; 3) concomitant serious infectious diseases; 4) serious organ diseases; 5) non-ulcerative
colitis; 6) ulcerative colitis that has exceeded the moderate standard; 7) neoplastic diseases; 8) patients who were unable
to cooperate completely with this study.

Treatment Methods

1. Patients in the two groups received four mesalamine enteric soluble tablets (Sunflower Pharmaceutical Group
Jiamusi Luling Pharmaceutical Co., Ltd., State Pharmacopoeia H19980148) orally, thrice daily. The treatment
duration was 30d.

2. Patients in the research group additionally received IMT. (DDonor selection: Adults under 30 years old
from a standard fecal bacteria bank, with a healthy lifestyle, good dietary habits, no bad habits such as
smoking and drinking, no chronic diseases, no infectious diseases, no chronic diarrhea, constipation,
irritable bowel disease, and no history of antibiotic or probiotic and other drug supplements use in the
past 3 months were selected. (2)Preparation of flora: Fecal bacteria were prepared by the manual method:
200 g of donor stool was collected early in the morning, and 50 g of stool was dissolved in 250 mL of
saline, stirred, and filtered through filter sieves of 2-, 1-, 0.5- and 0.25-mm diameter. The supernatant was
removed after centrifugation, and the precipitate was resuspended with saline and stored in a —80 °C
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refrigerator. (®Fecal bacteria transplantation. The frozen bacterial solution was thawed and rewarmed in
a 37 °C water bath, 50 g of stool in 250 mL of saline. Transscopic intestinal implantation is adopted. The
IMT was performed once a week, with a treatment duration of 30 d. During the treatment, the in-hospital
medical staff provided dietary and lifestyle guidance to the patients.

Outcome Measures

1. Clinical efficacy: the treatment efficacy of patients was assessed as per the Consensus Opinion on the Diagnosis
and Treatment of Inflammatory Bowel Disease. Cured: the patients’ clinical symptoms disappeared, and
colonoscopy showed a normal intestinal mucosa; Markedly effective: the patients’ clinical symptoms were
alleviated significantly, and colonoscopy showed significantly relieved inflammation of intestinal mucosa;
Effective: the patients’ clinical symptoms were alleviated, and colonoscopy showed relieved inflammation of
intestinal mucosa; Ineffective: No significant changes were seen in patients’ clinical symptoms and colonoscopy
results.

2. Intestinal microflora score:'! Before and after treatment, the intestinal microflora score was used to assess the
intestinal flora of the patients. The scale is scored out of 5. The higher the score of the patient, the more serious the
dysbiosis of the intestinal flora.

3. Enteroscopy score:'? Before and after treatment, patients’ intestinal mucosal conditions were assessed with
a colonoscopy score out of 4. The higher the score of the patient, the more serious the intestinal mucosal
symptoms.

4. Sutherland index:'? Before and after treatment, the Sutherland index was used to assess the disease activity of
patients in terms of intestinal mucosal status, rectal bleeding and diarrhea frequency. The scale was scored out of
12 points, and the higher the score of the patient, the more serious the disease symptoms.

5. Levels of inflammatory factors: Before and after treatment, 5 mL of morning fasting elbow venous blood was
collected from patients and routinely centrifuged to isolate the serum. The serum concentrations of tumor necrosis
factor-a. (TNF-a), interleukin-1B (IL-1p), interleukin-17 (IL-17), and interleukin-23 (IL-23) were measured by
enzyme-linked immunosorbent assay (ELISA).

6. Intestinal mucosal barrier function level: Before and after treatment, 5 mL of morning fasting elbow venous blood
was collected from patients and centrifuged to obtain the serum. The colorimetric method was used to determine
the level of D-lactate in the patient, and the ELISA method was used to determine the level of serum diamine
oxidase (DAO).

7. Adverse events: The adverse events included in this study included abdominal distension and abdominal pain,
fever, nausea and vomiting, and abnormal liver function.

Statistical Analysis

The SPSS 23.0 software package was used to organize and analyze the data in this study, and GraphPad Prism 8 was used
to visualize the data into corresponding graphics. Measurement data were expressed as mean+standard deviation (X = )
and examined using the #-test. Count data were expressed as n(%) and tested using the chi-square test. P < 0.05 indicates
that the difference is statistically significant.

Results

Baseline Clinical Profiles

In the control group, there were 29 males and 18 females, aged 19-72 (33.82+10.35) years, with a disease duration of 4—
19 (12.35+3.87) months; there were 13 cases of mild disease and 34 cases of moderate disease, 3 cases of proctitis, 32
cases of left hemicolitis and 12 cases of total colitis. In the research group, there were 27 males and 20 females, aged 18—
74 (34.07£10.28) years, with a disease duration of 5-21 (12.52+3.71) months; there were 15 cases of mild disease and 32
cases of moderate disease, 4 cases of proctitis, 30 cases of left hemicolitis and 13 cases of total colitis. The baseline
clinical profiles between the two groups were comparable (P>0.05) (Table 1).
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Table | Baseline Clinical Profiles

Control Group (n=47) | Research Group (n=47) tl? P
Gender (Male/Female) 29/18 27/20 0.176 | 0.674
Age (years) 33.82+10.35 34.07£10.28 0.117 | 0.906
Disease duration (month) 12.35+3.87 12.5243.71 0.217 | 0.828
Disease degree 0.203 | 0.651
Mild 13 15
Moderate 34 32
Disease lesion 0.247 | 0.884
Proctitis 3 4
Left hemicolitis 32 30
Total colitis 12 13

Clinical Efficacy

The total treatment efficiency of the control group was 80.85% (38/47), including 7 cases of cured, 12 cases of markedly
effective, 19 cases of effective, and 9 cases of ineffective. The total treatment efficiency of the Research group was
97.87% (46/47), including 13 cases of cured, 16 cases of markedly effective, 18 cases of effective, and 1 case of
ineffective. Mesalamine plus IMT was associated with significantly higher treatment efficiency (97.8%) versus mesala-
mine alone (80.85%) (P<0.05) (Table 2).

Intestinal Flora Score, Enteroscopy Score, and Sutherland Index

In the control group, the intestinal flora scores before and after treatment were (3.22+0.38, 2.48+0.57), the
colonoscopy scores were (3.14+0.62, 1.85+0.43), and the Sutherland index was (8.06£1.82, 4.49+0.65). The
intestinal flora scores before and after treatment in the Research group were (3.19+0.35, 1.724+0.38), the entero-
scopy scores were (3.19£0.57, 1.17+0.35), and the Sutherland index was (7.97+1.84, 3.34+0.42). Mesalamine plus
IMT provided a better intestinal microbiota balance and milder disease symptoms versus mesalamine, as evinced
by the significantly lower intestinal microbiota scores, colonoscopy scores, and Sutherland index (P<0.05)
(Figure 1).

Inflammatory Factor Levels

In the control group, the levels of TNF-a before and after treatment were (3.84+0.83, 3.38+0.69), IL-1p were
(13.28+3.45, 7.46+1.27), IL-17 were (466.35+56.47, 343.25+64.27), and IL-23 were (855.64+103.41, 436.17
+67.64). In the Research Group, the levels of TNF-a before and after treatment were (3.85+0.84, 2.81+0.57),
IL-1B were (12.98+3.69, 3.44+0.75), IL-17 were (470.54+60.58, 213.28+67.42), and IL-23 were (856.32+101.29,

Table 2 Clinical Efficacy [n (%)]

Group Control Group | Research Group Ve P
n 47 47

Cured 7 13

Markedly effective 12 16

Effective 19 18

Ineffective 9 I

Total efficacy (%) 80.85% 97.87% 7.161 | 0.007
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331.47+45.39). In post-treatment, patients with IMT exhibited more mitigated inflammatory responses than those
without, as shown by the higher concentrations of TNF-qa, IL-1p, IL-17, and IL-23 (P<0.05) (Figure 2).

Intestinal Mucosal Barrier Function

In the control group, the levels of D-lactate before and after treatment were (16.57+4.23, 12.8943.27) and DAO were
(4.99+1.34, 4.01+0.98). In the research group, the levels of D-lactate before and after treatment were (16.84+4.41, 8.72
+3.68) and DAO were (5.04+1.41, 2.36+0.29). Significantly lower D-lactate and serum DAO levels were observed after
IMT intervention than those with mesalamine alone (P<0.05) (Figure 3).

Adverse Events

The incidence of adverse events in the control group was 8.51% (4/47), including 2 cases of abdominal distension and
abdominal pain, 1 case of fever, and 1 case of nausea and vomiting. The incidence of adverse events in the Research
Group was 12.77% (6/47), including 2 cases of abdominal distension and abdominal pain, 1 case of fever, 2 cases of
nausea and vomiting, and 1 case of abnormal liver function. IMT features no significant increase in adverse effects than
the control group (P>0.05) (Table 3).
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Figure 2 Inflammatory factor levels.
Note: **Indicates P<0.001.
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Figure 3 Intestinal mucosal barrier function.
Note: ***Indicates P<0.001.

Discussion
Relevant research has shown that abnormalities in the intestinal microbiota may increase intestinal permeability, which
reduces the thickness of the protective mucus layer and exacerbates the risk of pathogen invasion.'* The mucus layer of
the human intestinal wall is produced by cupped cells, which act as both a mechanical and a chemical protective
barrier.'> It was found that cup cells in patients with chronic inflammatory intestinal diseases are highly susceptible to
damage, which affects the integrity and barrier function of the intestinal mucosa, leading to bacterial translocation and
aggregation of T cells and inflammatory factor cells.'® It interferes with the stability of the intestinal microbiota and
further aggravates tissue damage. In recent years, a large number of studies have confirmed that the intestinal hyperin-
flammatory response caused by imbalance between gut microbiota and mucosal immunity is closely related to UC.'” In
UC patients, the number of microorganisms in the gut and the diversity and stability of intestinal bacteria were impaired,
the number of proprietary Firmicutes decreased, and the number of Bacteroides and anaerobic microorganisms
increased.'® Therefore, improvement of intestinal flora in UC patients is a new approach to interrupt this vicious cycle
and enhance the overall patient outcome. Probiotics are a kind of live microorganisms beneficial to the host, which can
repair the damaged mucosal barrier to provide a good growth environment for beneficial bacteria in the intestine, prevent
the excessive proliferation of pathogenic bacteria through competitive inhibition, so as to strengthen local intestinal and
systemic immunity and enhance intestinal function.”'® Probiotic therapy is effective in promoting clinical remission in
UC patients, suggesting that the intestinal microbiota is key to the treatment of UC.? A previous study showed that the
combination therapy using several probiotics such as Lactobacillus, Streptococcus, and Bifidobacterium could effectively
improve the overall outcome of UC patients.?’ However, reliance on only the above probiotics is insufficient to achieve
complete restoration of the intestinal flora of patients. Therefore, IMT is a new attempt and breakthrough in the
management of UC.

In the present study, patients with IMT had post-treatment levels of TNF-a, IL-1B, IL-17, and IL-23 than those
without IMT (P<0.05), suggesting that IMT was effective in mitigating the inflammatory response in the patients.

Table 3 Adverse Events [n (%)]

Control Research Ve P
Group Group
n 47 47
Abdominal distention and 2 2
pain
Fever | |
Nausea/vomiting | 2
Abnormal liver function 0 |
Total incidence (%) 851% 12.77% 0.447 | 0.503
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Mesalamine plus IMT was associated with significantly higher treatment efficiency (97.8%) versus mesalamine alone
(80.85%). Previous study had explored the effects of mesalazine combined with bifidobacterium triple on the levels of
intestinal flora, immunoglobulin and calprotectin (Cal), matrix metalloproteinase-9 (MMP-9), and myeloperoxidase in
UC, and the results showed that mesalazine combined with bifidobacterium triple revitalizer can enhance the efficacy of
UC, improve the composition of intestinal flora, weaken the immune response, and reduce the level of Cal and MMP-9 in
the intestine.> There were differences with the indicators studied in this study, but the results were similar. Liu et al used
IMT treatment in 146 patients with moderate UC and found that patients had a decrease in Pseudomonas species in their
intestines after treatment. This suggests that IMT treatment may induce taxonomic modifications of intestinal bacteria in
patients and even steer interactions between bacteria, fungi, and viruses in the intestinal tract of patients, but the specific
mechanisms require further in-depth clinical investigations.”> Moreover, significantly lower D-lactate and serum DAO
levels were observed after IMT intervention than those with mesalamine alone (P<0.05), and mesalamine plus IMT
resulted in significantly lower intestinal microbiota scores, colonoscopy scores, and Sutherland index versus mesalamine
alone (P<0.05), which was consistent with the results by Liu et al,® confirming that IMT could effectively improve the
level of intestinal flora and intestinal mucosal barrier function in patients. Furthermore, IMT features no significant
increase in adverse effects than the control methods.

The current study has the following shortcomings: (1) the number of samples included in this study was relatively small
due to physical and environmental factors, which affected the extrapolation of the study findings. (2) The subjects included in
this study were all with mild to moderate UC, which may have caused some bias in the study results. (3) There was no long-
term follow-up of patients in the present study, which prevented the assessment of prognosis due to the lack of follow-up data
on underlying infections, inflammation, immunometabolic diseases, and gastrointestinal disorders. Therefore, future in-depth
studies with larger clinical sample sizes and longer follow-up periods are still required.

Conclusion
IMT efficiently ameliorates the intestinal microbiota conditions of UC patients, mitigates inflammatory responses in the
body, and facilitates the restoration of intestinal mucosal barrier function, with no significant increase in adverse effects.
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