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Abstract: Objective: To investigate the impact of Clostridium difficile infection (CDI) on immune function in patients
with ulcerative colitis and the clinical nursing effect. Methods: A total of 93 active patients with ulcerative colitis
from January 2015 to December 2017 in our hospital were selected and randomly divided into two groups, the
control group (n=71) and the infection group (n=22), according to whether the patients were infected by Clostridium
difficile (C. diff). The baseline characteristics including age, gender, and degree of active phase were gathered and
put into comparisons. Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of interleukin
1B (IL-1B), interleukin 6 (IL-6), interleukin 8 (IL-8), tumor necrosis factor-o« (TNF-a), C-reactive protein (CRP), procal-
citonin (PCT) and high mobility group box protein 1 (HMGB1) in sera of all patients and the C. diff toxins in stool
samples of the patients. And western blotting was used to detect the expression levels of Toll-like receptor 4 (TLR4)
and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) in peripheral blood lymphocytes of all
patients. Results: A total of 22 cases with C. diff toxins out of 93 cases with ulcerative colitis were detected, and
the detection rate was 23.66%. The levels of IL-1B, IL-6, IL-8, TNF-&, CRP, PCT and HMGB1 in serum of the infection
group were higher than these of the control group. The expression levels of TLR4 and NF-kB in peripheral blood
lymphocytes of the infection group were significantly higher than those of the control group. Conclusion: CDI can
lead to immune dysfunction in patients with ulcerative colitis, which may be related to activation of HMGB1/TLR4/
NF-kB signaling pathway, suggesting that HMGB1 detection can be performed in clinical care for early diagnosis of
CDI in patients with ulcerative colitis.
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Introduction In addition, CDI can lead to poor prognosis in
patients with ulcerative colitis [4, 5]. Murthy
and other scholars found that the 5-year mor-
tality rate in patients with both ulcerative colitis
and CDI was 27%, while the 5-year mortality
rate in patients with only ulcerative colitis was
14% [6]. Hence, investigation of the impact of

Clostridium difficile infection on immune func-

Ulcerative colitis is a chronic recurrent inflam-
matory bowel disease with alternating remis-
sion and active phase, in which inflammation
and ulceration of the intestinal mucosa are
main pathological manifestations. As for this
condition, clinical treatments like administra-

tion of antibiotics, glucocorticoids and immuno-
modulators or surgery are often applied [1].
However, long-term application of drugs such
as antibiotics can lead to alteration of intestinal
microflora and immune disorder, which increas-
es the risk of CDI in patients with ulcerative
colitis. According to the literature, stool speci-
mens in about 5% to 40% of patients with ulcer-
ative colitis are tested positive for C. diff [2, 3].

tion in patients with ulcerative colitis is of great
significance to targeted nursing monitoring and
clinical observation in the future.

High mobility group box protein 1 (HMGB1) is
a highly-conserved non-histone nucleoprotein
that can be released in the interstitial fluid and
blood circulation when the histocytes are stim-
ulated by external stimuli such as infection,
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wounds, and burns. Then HMGB1 involved in
the chemotaxis and activation of lymphocytes
through the Toll-like receptor 4 (TLR4)/nuclear
factor kappa-light-chain-enhancer of activated
B cells (NF-kB) signaling pathway induces the
lymphocytes to secrete IL-13, IL-6, IL-8, TNF-a
and other inflammatory cytokines, which fur-
ther aggravates topical and systemic inflamma-
tory response of the tissues [7, 8]. Previous
studies found that the expression level of
HMGB1 was closely related to the severity of
patients with ulcerative colitis and could be
regarded as a reliable indicator of reflecting
intestinal inflammation [9]. Nevertheless, the
role of HMGB1 and its mediated TLR4/NF-«kB
signaling pathway in CDI among patients with
ulcerative colitis is unclear. Therefore, 93 pa-
tients with active ulcerative colitis were select-
ed and divided into the control group and
the infection group according to whether the
patients were infected by C. diff. The differen-
tial expressions of HMGB1, TLR4, NF-kB as well
as IL-1p and other inflammatory cytokines we-
re compared between the two groups, and the
effect of CDI on immune function in patients
with ulcerative colitis were investigated from
the perspective of HMGB1/TLR4/NF-kB signal-
ing pathway.

Materials and methods
Patient selection

Atotal of 93 active patients with ulcerative coli-
tis admitted to The Second Affiliated Hospital
of Nanchang University from January 2015 to
December 2017 were selected and divided into
the control group (n=71) and the infection group
(n=22) according to whether the patients were
infected by C. diff. Patients diagnosed as ulcer-
ative colitis without C. diff toxins in stool sam-
ples were included in the control group, while
patients diagnosed as ulcerative colitis with C.
diff toxins in stool samples were included in
the infection group. The study was approved by
the Medical Ethics Committee of The Second
Affiliated Hospital of Nanchang University, and
informed consents were obtained from all the
patients.

The diagnosis of ulcerative colitis satisfied the
diagnostic criteria of inflammatory bowel dis-
ease established by Digestive Branch of Chi-
nese Medical Association [10]. Patients had
chronic recurrent abdominal pain, diarrhea,
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mucous bloody stool and other clinical symp-
toms. Barium enema or colonoscopy showed
multiple superficial ulcers, multiple pseudo
polyps, or granular degeneration. Pathological
examination of colonic mucosa biopsy reveal-
ed diffuse chronic infiltration in inflammatory
cells and changes in the structure of colonic
crypts. One or more pathological changes men-
tioned above through colonoscopy, barium en-
ema or tissue biopsy approved the diagnosis.
Patients who had antibiotics in the past four
weeks or with infectious colitis, colon cancer,
intestinal amebiasis, schistosomiasis, intesti-
nal tuberculosis, fungal enteritis or antibiotic-
associated enteritis were excluded.

Degree of active phase

The severity of active phase in the patients
were graded according to the modified Truelove
and Witts’ severity index. In a mild active pha-
se, the number of bowel movement was fewer
than 4 times per day; there was no or a small
amount of blood in the stools; pulse, body tem-
perature and hemoglobin level were normal;
and erythrocyte sedimentation rate was below
20 mm per hour. In a severe active phase, the
number of bowel movement was 6 times per
day or more; blood in the stools was visible;
pulse rate was above 90 bpm; body tempera-
ture was greater than 37.8°C; hemoglobin level
was below 75% of normal value; and the eryth-
rocyte sedimentation rate was greater than 30
mm per hour. The condition between mild and
severe in severity was considered as a moder-
ate one.

Enzyme linked immunosorbent assay (ELISA)

ELISA was used to detect the levels of interleu-
kin 1B (IL-1B), interleukin 6 (IL-6), interleukin 8
(IL-8), tumor necrosis factor-a (TNF-a), C-reac-
tive protein (CRP), procalcitonin (PCT) and high
mobility group box protein 1 (HMGBL1) in sera of
all patients and the C. diff toxins in stool sam-
ples of the patients. Detailed steps were as fol-
lows: 100 mg of solid stools were extracted
from a crude stool sample and put into a cen-
trifuge tube, and were shaken into a mixture
after adding 1 mL of PBS. Then the mixture was
centrifuged at 3,000 rpm for 5 min, and the
supernatant of the centrifuged mixture was
obtained for ELISA detection (Korunda, Shen-
zhen, EIA4448) of C. diff toxin; 3 mL venous
blood was drawn and naturally coagulated at

Int J Clin Exp Med 2019;12(3):2598-2604



Impact of Clostridium difficile infection

Table 1. Comparison of baseline characteristics

Baseline characteristics Control group  Infection group Statistics P
Cases (n) 71 22
Age (year) 50.46£11.50 52.03+12.69 t=0.546 0.586
Gender (male/female, n) 39/32 13/9 ¥x?=0.118 0.731
Degree of active phase (n)  Mild 19 5 Wilcoxon W=3283.500 0.606
Moderate 24 7
Severe 28 10

Table 2. Comparison of serum inflammatory cytokines
between the two groups

fuge tube containing 5 mL of normal
saline; the solution was centrifuged at

400 g for 20 min. After 3 washes, pe-

Lr;f(l:lirilr:\;ztory Control group Infection group t P ripheral blood lymphocytes were ob-

tained. A certain amount of cells (1 *
Cases (n) 71 22 108) were taken and added into 100
IL-1B (ng/L) 84.36+21.05 117.01+28.64 5.812 <0.001 uL of RIPA lysate (Beyotime, Shanghai,
IL-6 (ng/L) 34.45+8.92 97.61+17.39 22.620 <0.001 PO013) for full lysation. Then the su-
IL-8 (ng/L) 30.17+13.45 37.70+15.81 2.200 0.030 pernatant was obtained for BCA prote-
TNF-o (ng/L) 25.09+8.51 48.96+11.44 10.550 <0.001 in quantification (Beyotime, Shanghai,
CRP(mg/L) 11.26:+3.98 88.49:18.90 32.540 <0.001 ~ P0012). A small amount of total pro-
PCT (ug/L)  0.22:013 1194026 23510 <0001  (€ins (40 ug) were subjected to poly-

Note: IL-1B, interleukin 1B; IL-6, interleukin 6; IL-8, interleukin 8; TNF-a,

tumor necrosis factor-o; CRP, C-reactive protein; PCT, procalcitonin.

room temperature for 20 min. Then the blood
was centrifuged at 3,000 rpm for 20 min, and
the supernatant was collected for ELISA detec-
tion of IL-1B (Jingmei, China, JM-03336H1), IL-6
(Jingmei, China, JM-03204H1), IL-8 (Jingmei,
China, JM-04713H1), TNF-a (Jingmei, China,
JM-03277H1), CRP (Jingmei, China, JM-032-
90H2), PCT (Jingmei, China, JM-03972H2) and
HMGB1 (Shino-Test, Japan, 326054329).

Western blot (WB)

The expression levels of TLR4 and NF-kB in
peripheral blood lymphocytes were detected
using WB. The specific steps were as follows: 5
mL of venous blood was pipetted out to the
anticoagulant tube, and mixed with 5 mL of
normal saline. Then the mixture was added to
the surface of lymphocyte separation medium
(10 mL) (Huayueyang, Beijing, GH5003), fol-
lowed by centrifugation at 400 g for 20 min.
After being centrifuged, the solution appeared
4 layers visibly. The first layer was the plasma
layer; the second was the milky lymphocyte;
the third was the transparent separation medi-
um; the fourth was the red blood cell. The lym-
phocytes in the second layer were aspirated
into a syringe and then injected into a centri-
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acrylamide gel electrophoresis, and
transferred to a nitrocellulose membr-
ane. Subsequent to the transferring,
5% of bovine serum albumin was ap-
plied to membrane sealing at room tempera-
ture for 2 h. Then the membrane was incubat-
ed overnight at 4°C using anti-TLR4 antibody
(1:500, Abcam, Shanghai, ab13556), anti-NF-
kB antibody (1:1,000, Abcam, Shanghai, ab-
32360) and anti-GAPDH antibody (1:2,500,
Abcam, Shanghai, ab9485). After three washes
for the overnight membrane, horseradish per-
oxidase-labeled goat anti-rabbit secondary an-
tibody (Amyjet, Wuhan, China 6401-05) was
added into the total proteins of the membrane
for incubation of 1 h. Then ECL substrate (Be-
yotime, Shanghai, PO0O18) was used for color-
ation; a gel imager (Bio-Rad, GelDoc 2000) was
used for exposure and photographing follow-
ing three washes again for the membrane.
Referring to the WB quantitative method Meng
et al. Mentioned, the ratio of the gray value of
the target protein to GAPDH in the control gr-
oup was taken as 1 [11].

Statistical analysis

Statistical analysis was performed using SPSS
package for Windows, version 19.0. All mea-
surement data were in a normal distribution.
Measurement data in both groups are expre-
ssed as mean * standard deviation and pro-
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Figure 1. Comparison of serum inflammatory cytokines between the two groups. A: Serum levels of interleukin 13
(IL-1B); B: Serum levels of interleukin 6 (IL-6); C: Serum levels of interleukin 8 (IL-:8); D: Serum levels of tumor ne-
crosis factor-o (TNF-a0); E: Serum levels of C-reactive protein (CRP); F: Serum levels of procalcitonin (PCT). “P<0.05;

“*P<0.001.
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Figure 2. Comparison of HMGB1 in sera of the two
groups. HMGB1, high mobility group box protein 1.
“*P<0.001.

cessed by t-tests. The gender of the two groups
was compared using the x° test, and the degree
of active phase between the two groups was
compared using the Wilcoxon signed-rank test.
P<0.05 was considered statistically significant.

Results
Baseline characteristics

A total of 22 patients with C. diff toxins of 93
cases with ulcerative colitis were detected, and
the detection rate was 23.66%. The results in
Table 1 show that there was no significant dif-
ference in age, gender, and degree of active
phase between the two groups (all P>0.05),
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which demonstrates the comparability of the
study.

Serum inflammatory cytokines

The levels of IL-1B, IL-6, IL-8, TNF-a, CRP and
PCT (all P<0.05) in sera of the infection group
were higher than those of the control group
(Table 2, Figure 1).

HMGB1 in sera

Figure 2 shows that the level of HMGB1 in
sera of the infection group (4.90+0.77 ug/L)
were higher than that of the control group
(3.59+0.58 pg/L) (P<0.001).

The expression levels of TLR4 and NF-kB in
peripheral blood lymphocytes

The expression levels of TLR4 and NF-kB in
peripheral blood lymphocytes of the infection
group were significantly higher than those of
the control group (both P<0.001) (Figure 3).

Discussion

In recent years, the epidemiology, pathological
mechanism and treatment of CDI have made
great progress, but the infection still remains
[12-14]. It is a major risk factor for poor progno-
sis in patients with ulcerative colitis, which can
lead to aggravation of clinical symptoms, pro-

Int J Clin Exp Med 2019;12(3):2598-2604
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Figure 3. Comparison of the expression levels of TLR4 and NF-«kB in periph-
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were higher than those of the

eral blood lymphocytes of the two groups. A: Western blot analysis of the Coqtrol group in this study, indi-
expression levels of TLR4 in peripheral blood lymphocytes; B: Expression cating that CDI could aggra-

levels of relative TLR4; C: Western blot analysis of

the expression levels vate the inflammatory condi-

of NF-kB in peripheral blood lymphocytes; D: Expression levels of relative tion of patients with ulcerative

NF-kB; TLR4, Toll-like receptor 4; NF-kB, nuclear factor kappa-light-chain-

enhancer of activated B cells; ""*P<0.001.

longed hospital stay, and significant increase in
long-term mortality [15, 16]. Therefore, the in-
depth exploration of CDI in patients with ulcer-
ative colitis has important clinical value. In this
study, the detection rate of C. diff toxins in stool
samples was 23.66%. CDI rate reported recent-
ly in patients with ulcerative colitis ranged from
5% to 40% [17]. For instance, Gu et al. found 6
cases of CDI in 84 patients with ulcerative coli-
tis, and the infection rate was 7.1% [2]; while
Kaneko et al. reported that the rate of CDI was
up to 40.1% [3]. The difference might be relat-
ed to some factors such as inclusion criteria,
sample size or detection method of CDI. Though
the cell culture cytotoxicity neutralization assay
is recognized as the gold standard for CDI, it is
difficult to meet the needs of clinical testing
due to high experimental condition, complicat-
ed and time-consuming operation, and high
cost. So, it is no longer used in most research
reports [18]; and in recent years, ELISA has be-
come the main testing method for CDI. East-
wood et al. reported the specificity of ELISA
detection could reach 99.4%, which proved
the availability of alternative method [19]. The-
refore, ELISA was used in this study as a meth-
od for confirming the diagnosis of CDI.
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colitis and lead to immune dy-
sfunction.

HMGB1, the first one identified in the HMGB
family, can get an evolutionarily highly-con-
served DNA-binding protein involved in regu-
lation of chromosome structure and repair of
DNA damage in the nucleus. When cells are
damaged by the outside, HMGB1 can be trans-
ferred to the cytoplasm from the nucleus and
then be secreted outside the cell to participate
in the regulation of immune responses such
as inflammation [21]. Studies have found that
intestinal inflammation and mucosal damage
caused by C. diff are closely related to HMGB1-
mediated inflammatory response. For instance,
Liu et al. found that HMGB1 was released in
large quantities when CT26 cells and mouse
colon tissues were stimulated by C. diff toxins;
and then the HMGB21 could further lead to
increase in the levels of inflammatory cytokines
such as IL-1B, IL-6 and TNF-«; blocking the
expression of HMGB1 could inhibit the inflam-
matory response [22]. This study also found
that the level of serum HMGBL1 in the infection
group was significantly higher than that of the
control group, further confirming that the high
inflammatory state of patients with ulcerative
colitis caused by CDI was closely related to high
expression of HMGB1. A large number of stud-

Int J Clin Exp Med 2019;12(3):2598-2604
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ies have confirmed that the expansion of HM-
GB1-mediated inflammatory effect is mainly
dependent on the activation of TLR4/NF-kB sig-
naling pathway [23]. Meng et al. found that HM-
GB1 mediated inflammatory response through
activation of the TLR4/NF-kB signaling pathway
in a lipopolysaccharide-induced inflammatory
model, which could prove the dependence [11].
The results in this study also show that the
expression levels of TLR4 and NF-kB in peri-
pheral blood lymphocytes of patients with CDI
were significantly higher than those of the con-
trol group, indicating that activation of the
TLR4/NF-kB signaling pathway was involved in
immune dysfunction caused by CDI in patients
with ulcerative colitis.

Although this study initially explored the impact
of CDI on immune function in patients with
ulcerative colitis, there are still some shortcom-
ings: (1) only 22 cases with ulcerative colitis
was infected by C. diff in this study, and the
sample size was small. So, more cases still
need to be included for the validation of rele-
vant conclusions; (2) the results in this study
show that CDI could increase the expression
of serum HMGB1 in patients with ulcerative
colitis. But whether there is a positive correla-
tion between the degree of inflammation ca-
used by infection and the expression level of
HMGB1 remains unclear; (3) the relation be-
tween CDI and activation of HMGB1/TLR4/
NF-kB signaling pathway lacks direct and valid
evidence, which requires specific inhibition of
related molecules for verification through in vi-
tro cell experiments.

In conclusion, CDI can lead to immune dysfu-
nction in patients with ulcerative colitis, which
may be related to activation of HMGB1/TLR4/
NF-kB signaling pathway. It is suggested that
HMGB1 detection can be performed in clinical
care to early detect C. diff in patients with ul-
cerative colitis, which provides a basis for fur-
ther clinical diagnosis and treatment.
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