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Abstract

The aim of this article is to investigate the effects of intra-abdominal infection on immunological function and high-
mobility group box | protein (HMGBI)/toll-like receptor 4 (TLR4)/nuclear factor-kB (NF-kB) pathway in patients with
severe acute pancreatitis (SAP). Clinical data of SAP patients were retrospectively analyzed. SAP patients were divided
into intra-abdominal infection group (103 SAP patients) and control group (I 15 SAP patients without intra-abdominal
infection). All patients were evaluated with the Acute Physiology and Chronic Health Evaluation (APACHE) Il score.
Enzyme-linked immunosorbent assay (ELISA) assays were used to detect the levels of serum endotoxin, D-lactate,
diamine oxidase, IgG, IgM, IgA, interleukin (IL)-1(3, IL-6, tumor necrosis factor (TNF)-a, and HMGBI. Western blotting
was performed to detect the levels of TLR4 and NF-kB in peripheral blood lymphocytes. Compared with control group,
the APACHE Il score (12.60 = 3.81 vs 9.55 * 3.02) and serum endotoxin (0.33 = 0.15 vs 0.19 = 0.09 EU/mL), p-lactate
(4.33=0.16 vs 4.02+0.12mg/L), and diamine oxidase (3.88*0.16 vs 3.65*=0.13EU/mL) levels in intra-abdominal
infection group were increased significantly (all P<<0.001); serum IgG (7.33 =0.82 vs 9.05 =0.90g/L), IgM (1.04 = 0.49
vs 1.18+0.53¢/L), and IgA (1.65*0.79 vs 1.96 =0.88¢g/L) levels in intra-abdominal infection group were decreased
significantly, while serum IL-13 (118.55 = 17.04 vs 83.61 = 12.28ng/L), IL-6 (12.05*7.69 vs 9.89 = 6.77 ng/L), TNF-«
(25.61 =8.76 vs 19.20 = 8.33 ng/L), and HMGBI (48.91 =20.63 vs 32.74 = 17.05 pg/L) levels were increased significantly
(all P<0.05); TLR4 and NF-kB in intra-abdominal infection group were increased significantly (both P<<0.001). The
intra-abdominal infection can lead to intestinal barrier dysfunction, aggravated inflammatory response, and immune
dysfunction in SAP patients, which may be related to the activation of HMGBI/TLR4/NF-kB pathway caused by intra-
abdominal infection.
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a mortality rate of up to 25% in patients who stay in
hospital for more than 2weeks.!? Intra-abdominal
infection usually occurs in the late stage of SAP; the
incidence of intra-abdominal infection is 40%—70%
and the mortality is up to 50%.? Therefore, to explore
the role of intra-abdominal infection in SAP has
important clinical value.

Studies have reported that exogenous microorgan-
isms could stimulate cells to release high-mobility
group box 1 protein (HMGB1), which recruited the
inflammatory cells such as neutrophil, monocytes,
and lymphocytes to the damage sites. HMGBI can
further activate the downstream nuclear factor-xB
(NF-kB) signaling pathway through interacting with
toll-like receptor 4 (TLR4), which cause inflamma-
tory cells to overwhelmingly release interleukin
(IL)-1B, IL-6, and tumor necrosis factor (TNF)-a;
reduce the contents of IgG, IgM, and IgA; and
weaken the immune function of the organism. Thus,
the activation of HMGB1/TLR4/NF-kB signaling
pathway plays as inflammatory amplifiers in infec-
tious diseases.*> In addition, the activation of
HMGB1/TLR4/NF-kB signaling pathway is closely
related to SAP. For example, Li et al. found high
expression of HMGBI1, TLR4, and NF-kB in SAP
mice. And the targeted injection of recombinant
HMGBI1 protein into the pancreas activated the
TLR4/NF-kB signaling pathway, leading to pancre-
atic tissue damage, while the effect was absent in the
TLR4 knockout mice.® However, there is still a lack
of clinical evidence on whether the aggravated symp-
toms in SAP patients caused by intra-abdominal
infection are related to the immune disorder medi-
ated by HMGB1/TLR4/NF-kB signaling pathway.

Therefore, 103 SAP patients with intra-abdominal
infection were selected as intra-abdominal infection
group in this study. And the mechanism of symptom
aggravation and immune disorder in SAP patients
caused by intra-abdominal infection were investi-
gated in terms of HMGBI1/TLR4/NF-kB signaling
pathway by comparing with 115 SAP patients in the
control group without intra-abdominal infection.

Materials and methods
General information

A total of 103 SAP patients with intra-abdominal
infection admitted to the First Affiliated Hospital of
Zhengzhou University between February 2016 and
February 2018 were selected as intra-abdominal
infection group, while 115 SAP patients without

intra-abdominal infection admitted in the same
period were selected as control group. A retrospec-
tive analysis of the clinical data of two groups was
performed. The general information of age, sex,
body mass index (BMI), and etiology of two groups
were compared. The study was approved by the
Ethics Committee of the First Affiliated Hospital of
Zhengzhou University (No. Speedy trial-2016-13)
and informed consents were obtained from all the
patients or their families.

Inclusion criteria and exclusion criteria

Inclusion criteria: (1) SAP was diagnosed accord-
ing to the guidelines for the management of AP in
2014.7 AP was defined by meeting two of three cri-
teria, such as acute upper abdominal pain radiated
to the back, serum amylase or lipase >3X upper
limit of normal, imaging of pancreatic necrosis,
and effusion. AP combined with one or more organ
failure was defined as SAP. (2) The intra-abdomi-
nal infection was diagnosed according to the diag-
nostic criteria for hospital infection in 2001.% The
standard included positive abdominal computed
tomography findings of disappeared bowel sounds
and bubbles appeared around the pancreas, white
blood cell count >1.2 X 10%, temperature >38°C,
heart rate >90 times/min, and positive peritoneal
cultures. Exclusion criteria: (1) infection occurred
in the past 3 months; (2) combined with complica-
tions such as liver and kidney dysfunction, cardio-
cerebrovascular disease, and autoimmune diseases;
and (3) patients with incomplete clinical data.

Measurement indicators

Once diagnosed as SAP patients with intra-abdom-
inal infection, all patients were evaluated with the
Acute Physiology and Chronic Health Evaluation
(APACHE) II score. It is composed of acute physi-
ology score, age score, and chronic health score,
with a total score of 071 points. The higher the
score, the worse the prognosis.’

Fasting venous blood (5mL) was collected.
ELISA was used to detect the content of intestinal
barrier function indicators, including serum endo-
toxin (Jingmei, JM-03620H1, China), p-lactate
(Jianglai, JL13858, China), and diamine oxidase
(Jianglai, JL10437, China), and immune function
indicators, including IgG (Jingmei, JM-03312H2,
China), IgM (Jingmei, JM-03313H2, China),
IgA (Jingmei, JM-03311H2, China), IL-1f
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Table I. Comparisons of the baseline characteristics of the two groups.

Project Control group Intra-abdominal t/x? P
infection group
Case 15 103
Age (years) 434+9.6 42.8+9.0 0.412 0.681
Sex (male/female, case, %) 67/48 62/41 0.084 0.772
(58.26/41.74) (60.19/39.81)
BMI 23.25+1.88 23.64 £2.07 1.458 0.146
Etiology (case, %) Gallstone 53 (46.09) 50 (48.54) 0.297 0.961
Hyperlipidemia 27 (23.48) 22 (21.36)
Alcohol 20 (17.39) 19 (18.45)
Other 15 (13.04) 12 (11.65)

BMI: body mass index.

(Neobioscience, EHC002b.48, China), IL-6 (Neo-
bioscience, EHC007.96, China), TNF-a (Neobio-
science, EHC103a.96, China), and HMGBI1
(Shino-test, 326054329, Japan).

Western blotting

Western blotting (WB) was used to determine the
levels of TLR4 and NF-kB in peripheral blood lym-
phocytes of all patients. After blending 2.5mL of
anticoagulant blood with 2.5mL of saline, the mix-
ture was slowly added to 5SmL of lymphocyte sepa-
ration liquid (Huayueyang, GH5003, China). Then,
the mixed solution was divided into four layers
including erythrocyte layer, transparent separation
fluid layer, milky lymphocyte layer, and plasma layer
from the bottom up after centrifugation for 20 min at
400g. The lymphocyte was namely extracted from
lymphocyte layer. A total of 10° cells were added to
100 L of RIPA lysate (Beyotime, PO013, China)
and fully lysed for 5min. Homogenates were centri-
fuged at 12,000g for 5min, and supernatants were
taken for bicinchoninic acid (BCA) protein quantifi-
cation (Beyotime, P0O012, China). The 40 p.g protein
was separated by polyacrylamide gel electrophoresis
and transferred to a polyvinylidene difluoride mem-
brane. Membranes were then blocked in 5% skim
milk for 2h. Then, membranes were respectively
incubated with the diluted solution of following rab-
bit anti-human antibodies including anti-TLR4 anti-
body (1:500, Abcam, ab13556, UK), anti-NF-kB
antibody (1:1000, Abcam, ab32360, UK), and anti-
GAPDH (glyceraldehyde 3-phosphate dehydroge-
nase) antibody (1:2,500, Abcam, ab9485, UK) at
4°C overnight. The membranes were then thoroughly
washed for three times and incubated with the anti-
rabbit horseradish peroxidase-coupled secondary

antibody (Boster, BA1056, China) at a dilution of
1:2000. The membranes were impregnated with the
enhanced chemiluminescence substrate (Beyotime,
P0018, China), and specific protein bands were pho-
tographed using gel imager (Bio-Rad, GelDoc 2000,
USA). The gray-scale value of each band was meas-
ured using GraphPad Prism 6.0 software, and the
gray-scale ratio of target protein to GAPDH in the
control group was set as 1.0.

Statistical analysis

All statistics were completed by the statistical
software SPSS 20.0. The significance of differ-
ences in group means for continuous variables
expressed as the mean * standard deviation was
determined using the Student’s t test. Differences
between group means for nominal variables
expressed as case and percentage were assessed
by the chi-square test. P<<0.05 is considered sta-
tistically significant.

Results
Comparisons of the general characteristics

The results in Table 1 indicated that there were no
statistically significant differences in age, sex,
BMI, and etiology of the two groups (all P> 0.05).

Comparisons of APACHE Il score and intestinal
barrier function

In Figure 1, the results suggested that the levels of
APACHE II score, serum endotoxin, D-lactate, and
diamine oxidase in the intra-abdominal infection
group were significantly higher than those in the
control group (all P<0.001).
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Figure 1. Comparisons of APACHE Il score and intestinal barrier function of the two groups: (a) APACHE Il score, (b) serum
endotoxin, (c) D-lactate, and (d) diamine oxidase. Data are expressed as mean = SD. Compared with control group, **P < 0.001.

APACHE: Acute Physiology and Chronic Health Evaluation.

Comparisons of immune function and HMGB|
expression

The results in Figure 2 showed that the levels of
serum IgG, IgM, and IgA in the intra-abdominal
infection group were lower than those in the con-
trol group, while the levels of serum IL-1f3, IL-6,
TNF-a, and HMGBI1 in the intra-abdominal infec-
tion group were higher than those in the control
group (all P<0.05).

Comparisons of TLR4 and NF-kB protein
expression in peripheral blood lymphocytes

In Figure 3, the results indicated that the relative
expression of TLR4 and NF-kB in peripheral blood
lymphocytes in the intra-abdominal infection
group increased significantly compared with con-
trol group (TLR4: 2.35*+0.48 vs 1.00=*0.24,
NF-kB: 2.18 £0.40 vs 1.00 £ 0.21, all P<0.001).

Discussion

Intra-abdominal infection occurs mainly with
SAP and is closely related to the severity of SAP.
Lv and Huo!® reported that the risk factors for
intra-abdominal infection included high APACHE
IT score, high Ranson score, and shock, and the
main reasons included severe extent of tissue
necrosis and impaired intestinal barrier function.

In this study, we found that APACHE II score,
serum endotoxin, p-lactate, and diamine oxidase
were significantly higher in the intra-abdominal
infection group than those in the control group.
Among them, APACHE II score is the main index
of the comprehensive evaluation with systemic
conditions in patients, endotoxin is the main toxic
component of Gram-negative bacteria, D-lactate
is the metabolic product of intestinal bacteria, and
diamine oxidase mainly exists in the cytoplasm of
intestinal epithelial cells; thus, the content of the
latter three in serum can reflect the intestinal bar-
rier function.’ The results indicate that the intra-
abdominal infection can lead to aggravated
clinical symptoms and intestinal barrier dysfunc-
tion in SAP patients. However, whether there is
an interaction between intra-abdominal infection
and aggravated symptoms needs to be further
explored.

HMGBI, a single polypeptide chain, is ubiqui-
tous in the nucleus of mammalian cells, playing
an important role in nucleosome stabilization and
DNA transcription. Moreover, HMGBI is a pro-
inflammatory cytokine, regulating the recruit-
ment of inflammatory cells and the release of
inflammatory mediators; therefore, the increase
in serum HMGBJ1 occurs in a series of inflamma-
tory diseases, such as sepsis, trauma, and acute
myocardial infarction. Yasuda et al.!' reported
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Figure 2. Comparisons of immune function and HMGBI expression of the two groups. (a) IgG, (b) IgM, (c) IgA, (d) IL-1B3, (e) IL-6,
(f) TNF-q, and (g) HMGBI. Data are expressed as mean = SD. Compared with control group, *P<0.05, **P<<0.01, ***P<0.001.
HMGBI: high-mobility group box | protein.
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Figure 3. Comparisons of TLR4 and NF-kB protein expression in peripheral blood lymphocytes of two groups. (a) and (b) TLR4
and NF-kB protein expression detected by WB. (c) and (d) Comparison of the relative expression of TLR4 and NF-«B protein.
Data are expressed as mean = SD. Compared with control group, **P<0.001.

TLR4: toll-like receptor 4; NF-kB: nuclear factor-kB.
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that serum HMGB1 was significantly increased
by nearly three times higher within 72h in SAP
patients, and elevated levels were associated with
organ dysfunction and infection. Our results
showed that serum IgG, IgM, and IgA levels were
lower than those in the control group, while
IL-1pB, IL-6, and TNF-a levels were higher than
those in the control group. Furthermore, serum
HMGBI1 significantly increased in the intra-
abdominal infection group, indicating that intra-
abdominal infection can inhibit the immune
function and aggravate the inflammatory reaction
in SAP patients, which may be related to enhanced
release of HMGBI.

TLR4, the main effector molecule of HMGBI,
recruits MyD88 and thus activates the downstream
NF-kB. Activated NF-kB i1s transported from the
cytoplasm to the nucleus, which induces the
expression of inflammatory factors such as IL-13,
IL-6, and TNF-a. Pan et al.!? found that the aug-
menter of liver regeneration can reduce serum
amylase and lipase in SAP mice and alleviate path-
ological damage of pancreatic tissue, which is
related to the inhibition of HMGB1/TLR4/NF-kB
pathway. Our research showed that the relative
expression of TLR4 and NF-kB in peripheral blood
lymphocytes in the intra-abdominal infection
group was significantly higher than those in the
control group, suggesting that intra-abdominal
infection can promote the release of HMGBI, and
TLR4/NF-«kB pathway in lymphocytes can be fur-
ther activated.

In conclusion, intra-abdominal infection may
lead to intestinal barrier dysfunction, aggravated
inflammatory reaction, and immune dysfunction in
SAP patients. It may be related to the activation of
HMGBI1/TLR4/NF-kB pathway caused by intra-
abdominal infection.
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