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ABSTRACT

Objective: To investigate the relationship between small intestinal bacterial overgrowth (SIBO) and Endotoxin (ET)
concentration in peripheral blood, and levels of toll-like receptors (TLR) 2 and TLR4 expression on surface of peripheral
blood mononuclear cells (PBMCs) in patients with ulcerative colitis.

Study Design: An experimental study.

Place and Duration of Study: The First Hospital of Hebei Medical University, from July 2018 to October 2019.
Methodology: The 130 patients with ulcerative colitis were included in case group. Another 72 healthy cases were
selected as control group. SIBO, ET, TLR2, and TLR4, were determined, and compared.

Results: Positive rate of SIBO in case group was higher than that in control group (p <0.001). Lactulose hydrogen breath
test (LHBT) intestine set value, peripheral blood ET concentration, and TLR2 and TLR4 expression levels on surface of
PBMCs in case group were higher than those in control group (all p <0.001); the above indexes in SIBO-positive patients
in case group were higher than those in SIBO-negative patients in case group (all p <0.001). Pearson's correlation
analysis showed that LHBT intestine set value of SIBO-positive patients in case group was positively correlated with ET
concentration, and TLR2 and TLR4 expression levels on surface of PBMCs (r= 0.910, p <0.001; r = 0.970, p <0.001; and
r =0.965, p <0.001 respectively). ET concentration of SIBO-positive patients in case group was positively correlated with
expression levels of TLR2 and TLR4 on surface of PBMCs (r=0.962, p <0.001; and r = 0.829 p <0.001 respectively).
Conclusion: Patients with ulcerative colitis are easy to occur SIBO, and SIBO increases blood endotoxin, TLR2 and TLR4
levels. Synergistic effects of endotoxin and endotoxin receptors TLR2 and TLR4 overexpression mediate body
inflammation and may be involved in progression of ulcerative colitis.

Patients with ulcerative colitis with excessive growth of small intestinal bacteria are more likely to have hypertoxemia.
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INTRODUCTION

Ulcerative colitis, a common inflammatory bowel disease,
is often chronic and recurrent.! The pathogenesis of
ulcerative colitis is currently unknown. A study have
suggested that ulcerative colitis is the result of inter-
actions between intestinal microorganisms and the
intestinal immune system.? The composition of the
intestinal microbiota may affect the susceptibility to
ulcerative colitis.?

Small intestinal bacterial overgrowth (SIBO) refers to the
displacement of the microflora in the distal intestine into
the small intestine due to various reasons, causing
inflammation of the small intestinal mucosa, disruption of
permeability, and damage to villus, and it mainly
manifests as abdominal pain, abdominal distention,
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diarrhea, small bowel motility disorders, and other
symptoms.#® Studies have confirmed that SIBO is
closely related to diseases such as non-alcoholic fatty
liver disease, cirrhosis, diabetes, irritable bowel
syndrome, and chronic pancreatitis.’® Lactulose
hydrogen breath test (LHBT) has the advantages of
being cheap, simple, and non-invasive.? In this
experiment, LHBT was used to measure SIBO. At
present, there have not been many reports on the
correlation between ulcerative colitis and SIBO. The toll-
like receptors (TLRs), as important bridges connecting
innate and adaptive immune systems, are abundantly
expressed on the surface of peripheral blood mono-
nuclear cells (PBMCs)."? Endotoxin receptors TLR2 and
TLR4 are important receptor molecules in the host's
immune response against pathogenic microorganisms,
exerting an important role in the initiation of the
endotoxin-induced inflammatory response. ™

Previous studies have revealed that the incidence of
SIBO is higher in patients with non-alcoholic fatty liver,
and the endotoxin level and TLR4 expression in patients
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with SIBO were significantly increased.'?> However,
currently there has been little literature on the role of
SIBO and toll-like receptor signaling such as TLR2 and
TLR4 in ulcerative colitis.

The purpose of this study was to investigate the relation-
ship between SIBO and ET concentration in peripheral
blood, and the levels of TLR2 and TLR4 expression on
the surface of PBMCs in patients with ulcerative colitis.

METHODOLOGY

After the approval of the hospital ethics committee, this
study was carried out at Department of Gastroenterology,
the first hospital of Hebei Medical University, from July
2018 to October 2019. A total of 130 patients with
ulcerative colitis admitted to the hospital from July 2018
to October 2019 were included in the case group.
Inclusion criteria were that patients who met the
diagnostic criteria for ulcerative colitis and were
confirmed by colonoscopy and histopathology; and
patients aged over 18 and with the first onset. Exclusion
criteria were that patients with mental disorders who
were unable to cooperate; severe cardiac dysfunction;
unwilling to participate in the study; pregnant and
lactating women; use of antibiotics and probiotics
within 1 month before the experiment; diabetes; atrophic
gastritis; and obese patients.

Another 72 age- and gender-matched healthy cases were
selected as the control group. Inclusion criteria were that
18 years old or more; no chronic diseases in the past or
no acute diseases in the recent past; and no occult
diseases from laboratory tests, ultrasounds, gastro-
scopy and colonoscopy. Exclusion criteria were that
Diabetes, coronary atherosclerotic heart disease, chronic
obstructive pulmonary disease, chronic liver and kidney
disease; mental illness; and pregnant and lactating women.

LHBT was used to measure the subjects' SIBO. On the
day before the test, milk and soy products, crude fiber
food, and spicy food were prohibited, and starchy food
was mainly taken for dinner. The participants fasted on
the test day. From the time point of oral administration of
lactulose, the hydrogen concentration shall be detected
once every 15 minutes, and the continuous detection
shall not be less than 2 hours. The measured basic value
exceeding 20 ppm or the exhaled hydrogen concen-tration
rising more than 10 ppm after the test meal was consi-
dered as SIBO positive.'® Otherwise, it was negative.
LHBT intestinal set value, defined as the sum of 7
measured values before the second peak of the double
peak or within 90 minutes.'* It could indirectly reflect the
degree of bacterial growth in the small intestine.

Five mL fasting peripheral venous blood was collected
from the subjects in the morning. Serum endotoxin (ET)
concentration was measured using a chromogenic end-
point tachypleus amebocyte lysate. Flow cytometry was
used to detect the expression levels of TLR2 and TLR4

on the surface of PBMCs, which were expressed as the
geometric mean fluorescence (GMF).'®

SPSS version 25 was used to analyse data. Qualitative
variables were expressed as frequencies and per-
centages and tested by chi-square. Quantitative vari-
ables like LHBT intestine set value, ET, TLR2 and TLR4
indicators were expressed as means and standard
deviations and tested by independent-sample t-test.
Pearson's correlation approach was used to analyze
the correlation. Original 9.0 software was used to draw
the relevant figures. The p-value <0.05 was taken as
significant.

RESULTS

Among the 130 patients with ulcerative colitis in the case
group, 70 were male (53.85%) and 60 were female
(46.15%); aged 20-64 (46.32 £3.15) years. The disease
duration was 5-34 (16.52 +2.07) months. As for the
lesion site, 55 cases (42.31%) were in the rectum-
rectosigmoid colon, 48 cases (36.92%) the left half
colon, and 27 cases (20.77%) the whole colon. Forty five
cases (34.62%) had mild, 65 cases (50.00%) had
moderate, and 20 cases (15.38%) had severe disease.
Among the 72 patients in the control group, 38 were
male (52.78%) and 34 were female (47.22%); aged
21-63 (45.84 +2.65) years.

The 57 cases (43.85%) were SIBO positive in the case
group. The 9 cases (12.5%) were SIBO positive in the
control group. The positive rate of SIBO in the case
group was significantly higher than that in the control
group (p <0.001). The LHBT intestine set value,
peripheral blood ET concentration, and TLR2 and TLR4
expression levels on the surface of PBMCs in the case
group were higher than those in the control group (all
p <0.001, Table I).

Table I: Comparison of LHBT intestine set value, ET, TLR2 and TLR4
ndicators between case group and control group.

Indexes Control group Case group p-value
(n=72) (n=130)

LHBT intestine set value (ppm) 37.87 +1.66 123.66 £50.79 <0.001

ET (EU/mL) 0.05 +0.01 0.19 +0.08 <0.001

TLR2 (GMF) 29.43 £1.67 54.15 £17.03 <0.001

TLR4 (GMF) 9.03 +0.32 16.47 £3.19 <0.001

Table Il: Comparison of LHBT intestine set value, ET, TLR2 and TLR4
indicators between SIBO-positive patients and SIBO-negative
patients in case group.

Indexes SIBO-positive | SIBO-negative p-value

patients in patients in

case group case group

(n=57) (n=73)

LHBT intestine set value (ppm) 180.80 +3.27 79.04 +3.08 <0.001
ET (EU/mL) 0.28 +0.05 0.12 +0.02 <0.001
TLR2 (GMF) 73.13+3.03 39.32 +1.99 <0.001
TLR4 (GMF) 19.69 +1.81 13.95 +1.01 <0.001
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Figure 1: Correlation analysis of LHBT intestine set value with ET (black line,
TLR2 (red line) and TLR4 (blue line in case group (n=130).
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Figure 2: Correlation analysis of ET concentration with TLR2 and TLR4 in
SIBO-positive patients in the case group (n=57). The green line represented
the linear correlation between ET and TLR2 (r = 0.962, p <0.001); and the
orange line represented the linear correlation between ET and TLR4 (r =
0.829, p <0.001).
The LHBT intestine set value, peripheral blood ET
concentration, and TLR2 and TLR4 expression levels on
the surface of PBMCs in SIBO-positive patients in the
case group were higher than those in SIBO-negative
patients in the case group (all p <0.001, Table II).

Pearson's correlation analysis showed that the LHBT
intestine set value of SIBO-positive patients in the case
group was positively correlated with ET concentration,
and TLR2 and TLR4 expression levels on the surface of
PBMCs (r = 0.910, p <0.001; r = 0.970, p <0.001; and
r =0.965, p <0.001 respectively, Figure 1).

The ET concentration of SIBO-positive patients in the
case group was positively correlated with the expression
levels of TLR2 and TLR4 on the surface of PBMCs
(r=0.962, p <0.001; and r = 0.829, p <0.001 respectively,
Figure 2).

DISCUSSION

The best diagnostic method for SIBO is considered to be
aspiration of intestinal juice from the proximal jejunum

for quantitative bacterial counts. The presence of colony
forming units (CFU) =105 per milliliter of jejunal aspirate
can be diagnosed as SIBO positive.'® However, being
invasive, time-consuming and high-cost, the method of
jejunal aspirate is limited in clinical application, which
may reduce the detection rate of SIBO. Therefore, in
recent years, breath tests (such as LHBT) have been
widely used for SIBO detection due to its easy operation
and non-invasiveness.'” This study used LBHT to detect
the incidence rate of patients with ulcerative colitis. The
results showed that the positive rate of SIBO in patients
with ulcerative colitis was 43.85%.In this study, the
authors found that the detection of SIBO using LHBT
was fast, simple, noninvasive, accurate and agreeable
to patients; but it is easy to be affected by some factors,
including the change of intestinal bacteria (the
application of antibiotics, enema, efc. would inhibit the
generation of hydrogen); diet and smoking (eating high
fiber food, smoking, etc. would increase the amount of
hydrogen) and other factors. Combined with fluoroscopy,
radioactive prism scintigraphy, gastrointestinal pressure
and other methods could improve the sensitivity and
specificity of the detection of SIBO using LHBT.

It was also found that the LHBT intestine set value of
patients with ulcerative colitis was significantly higher
than that of normal people; the LHBT intestine set value
of patients with ulcerative colitis combined with SIBO
positive was significantly higher than that with SIBO
negative. It suggested that bacterial contamination of the
small intestine was common in patients with ulcerative
colitis, and it may be related to the severity of the
disease. The reason may be that SIBO causes intestinal
flora disturbance and produces inflammatory mediators
to trigger intestinal mucosal immune response, thereby
promoting mucosal inflammatory damage and further
aggravating ulcerative colitis.81°

One study suggested that TLR2 mainly recognizes gram-
positive bacteria.?® TLR4 mainly recognizes lipopoly-
saccharide (LPS) of gram-negative bacteria, which is an
important protein for transducing endotoxin signals into
cells. LPS binds to lipopolysaccharide binding protein
(LBP) in the serum, and then forms a complex with
CDI4. With the participation of TLR4, the activation
signal is transmitted into the cell, inducing the activation
of monocyte-phagocytic cells, exerting the functions of
phagocytosis and antigen presentation, and secreting a
large number of inflammatory factors.2! This study found
that compared with healthy people, patients with
ulcerative colitis had higher levels of TLR4 in peripheral
blood, which was basically consistent with other
literature reports.22

The authors further found that the levels of ET, TLR2
and TLR4 in peripheral blood of patients with ulcerative
colitis and SIBO positive were higher than those of
patients with ulcerative colitis and SIBO negative.
Pearson correlation analysis showed that the LHBT
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intestine set value of SIBO positive patients in the case
group was positively correlated with ET concentration,
TLR2 and TLR4 expression levels on the surface of
PBMCs; and ET concentration was positively correlated
with TLR2 and TLR4 expression levels on the surface of
PBMCs, suggesting that SIBO may increase blood
endotoxin, TLR2 and TLR4 levels. The reason may lie in
the increase in intestinal endotoxin production and
absorption in patients with ulcerative colitis combined
with SIBO, while the reduced clearance of endotoxin in
the body results in the increased endotoxin levels in
peripheral blood in patients with ulcerative colitis; and
hyperendotoxemia in turn aggravates the process of
ulcerative colitis.?3 In addition, a large amount of
endotoxin enters the blood and comes into contact with
mononuclear cells, causing increased stress and
sensitivity of mononuclear cells to endotoxin, and
increased TLR expression. TLRs recognize endotoxin,
initiate transmembrane transduction of inflammatory
signals, activate the transduction pathway, and induce
cells to produce a large number of inflammatory
cytokines.2* Inflammatory factors can cause disorders in
the immune system of the body, further aggravating
ulcerative colitis and forming a vicious circle.

The limitation of this research lies in the small sample
size, the lack of sensitivity and specificity analysis of
LHBT detection, and the absence of data analysis of
continuous variables like ET, TLR2, TLR4 levels
amongst the three groups (Control group, SIBO-positive
patients in case group, SIBO-negative patients in case
group) of ulcerative colitis severity, and sub group
analysis of controls with positive SIBO. There is need for
further research on this subject using larger sample size.

CONCLUSION

Patients with ulcerative colitis are likely to develop SIBO,
which increases blood endotoxin, TLR2 and TLR4
levels. Synergistic effects of endotoxin and endotoxin
receptors TLR2 and TLR4 overexpression mediate body
inflammation and may be involved in the progression of
ulcerative colitis. Attaching importance to the diagnosis
and treatment of S1BO in patients with ulcerative colitis
will likely improve the disease or delay the disease
process.
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