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ABSTRACT: There is increasing evidence that severe acute pancreatitis (SAP) patients have high IL-6 levels in serum, and the low
expression of tight junction proteins could increase endotoxin translocation (ET). Thus, we sought to investigate the correlation of IL -6
level in serum with endotoxin translocation (ET) and expression of tight junction (TJ) proteins in colon from severe acute pancreatitis pa-
tients. Methods: 50 severe acute pancreatitis patients were set as study objects. 12 of 50 patients for clinical course in the first 3 days with
colonic involvement presented with severe abdominal distention, they were treated with adopt colonic irrigation and decompression with
colonoscopy, and colonic mucosal tissue were obtained at the same time. All blood samples of the patients were extracted from their pe-
ripheral venous after treatment for the first ,3rd,7th,10th,14th day. 40 healthy individuals were set as control group. Serum IL-6 concen-
trations were determined by enzyme-linked immunosorbent assay (ELISA), levels of serum endotoxin were detected by limulus amebo-
cyte lysate (LAL) assay, the expression of TJ proteins were determined by immunofluorescence and western blotting. Results: The levels
of IL-6 and endotoxin in serum of SAP patients were higher than in healthy controls. However, the expressions of TJ proteins in SAP pa-
tients were lower than those in healthy controls. Compared with the late stage clinical course of SAP patients, the early stage clinical
course of SAP patients had a significantly higher levels of endotoxin (P<0.05) and IL-6 (P<<0.05) in serum. The lower expression of TJ
proteins in colonic mucosa had significantly (r=0.735, P<0.05) associated with the higher levels of IL-6 in serum within 3 days clinical
course of SAP. Conclusions: In our research, we found that the high levels of IL-6 in serum had closely relationship with high levels of
endotoxin in serum and low expression of tight junction proteins in colonic mucosa. The levels of IL-6 in serum, as an index to evaluate
the severity of severe acute pancreatitis, is associated with the clinical course of severe acute pancreatitis, and may the reason of endotox-
in translocation.
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the intestinal epithelial barrier is composed of tight junction (TJ)

Introduction N o o .
between intestinal epithelial cells, the tight junction proteins form

Severe acute pancreatitis (SAP) develops in about 25% of pa-
tients with acute pancreatitis . Tt is associated with a high morbid-
ity and a mortality risk of up to 27%-45%, and the majority of
deaths related to SAP are the result of infectious complications I,
Bacteria translocation mainly from the gut is the most widely ac-
cepted mechanism in the pathogenesis of infected pancreatic
necrosis . The colon is one of the largest repository of bacteria
and endotoxin, and also is the source of inflammatory mediators
and cytokines in SAP, so much more attention should be paid to
SAP patients with colonic involvement. Although, colonic irriga-
tion with endoscope has applied to SAP patients with colonic in-
volvement M, few reports are performed using endoscopic biopsy
for SAP patients. The intestinal mucosa barrier mainly determined

by intestinal epithelial barrier and distribution of microbial flora,
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and regulate the paracellular pathway P, A functioning TJ is
formed by multiple proteins, including Claudin proteins, Occludin
proteins, Junction adhesion moleculars (JAMs), Zonula occludens
proteins (ZOs). The claudin family of proteins is composed of at
least 24 closely related transmembrane proteins, most of them are
well characterized at the gene and protein levels . Thus, claudins
and occludin are considered to be the most prominent members in
TJs B, Cytokines IL-6 produced by T cells and fibroblasts could
down-regulated the expression of tight junction proteins, and re-
duce TJ proteins distribution in the membrane area of intestinal
epithelium ®%, In our study, endoscopic biopsy had performed to
the patients, and the association of high levels of IL-6 in serum
with the low experssion of TJ proteins in colonic mucosa had been

proved in our experiment.
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The mechanism of intestinal endotoxin translocation caused
by SAP remains largely unknown. In humans, there is increasing
evidence that the injury of intestinal barrier function is premise of
endotoxin translocation "l In such cases, IL-6 could lower the ex-
pression of TJ proteins in colonic epithelium, lead to the gut barri-
er function injury, which is the main reason of intestinal endotoxin
translocation.

Fifty severe acute pancreatitis patients were included in our
study, colonoscopy was performed to the patients, and meanwhile
colonic mucosa tissues were obtained. Eenzyme-linked im-
munosorbent assay (ELISA) was used to detect IL-6 in serum,
limulus amebocyte lysate (LAL) assay was used to detect endotox-
in, immunofluorescence and western blotting were used to detect

the expression of tight junction proteins of colonic mucosa.
1 Information and Methods

1.1 General data

The present study involved 50 consecutive patients with SAP
from July 2011 until June 2013 at the Affiliated Hospital of Medi-
cal College, Qingdao University and Jinlin Hospital, Nanjing Uni-
versity. Male and female SAP patients(2 18 and £ 70years of age)
hospitalized within 24 hours of onset of symptoms were enrolled.
The diagnostic criteria formulated for SAP at the Bangkok World
Congress of Gastroenterology 2002 in Thailand adopted 2. Pa-
tients with one of the following were included in the study: (i) lo-
cal complications (pancreatic necrosis, pancreatic pseudocyst,
pancreatic abscess), (ii) organ failure, (iii))APACHE-II score= 8,
(iv)Ranson criteria2 3, (v) Bahhazar CT grading II or above. Pa-
tients with any of the following were excluded from the study: (i)
concurrent sepsis or pancreatic infection or peripancreatic infec-
tion caused by a second disease,(ii) patients with acute or chronic
gastrointestinal diseases, (iii) sent directly to the intensive care unit
for multiorgan failure, (iv) post-encoscopic Retrograde Cholan-
gio-Pancreatography or traumatic or operative pancreatitis, (V)
pregnancy, malignancy, immunodeficiency or moribund patients
regardless of cause within 48 hours prior to enrollment. The ethics
committee of the hospital approved the study protocol. Informed
consent was obtained from each patient, and informed consent was
also obtained from each healthy individual. 12 of 50 patients of
clinical course in the first 3 days with colonic involvement pre-
sented with severe abdominal distention, colonic irrigation and de-
compression with endoscope were treated to them, and colonic
mucosal tissue were obtained. Meanwhile the peripheral venous
blood were obtained at the same time. The twelve patients were
done colonoscopy in the condition of monitoring beside the bed.
All blood samples were obtained on the frist,3rd,7th,10th,14th day
from each patient and healthy control.
1.2 Quantification of serum IL—6 levels

Eenzyme-linked immunosorbent assay (ELISA) was used to

detect IL-6 in serum obtained from SAP patients and healthy con-
trols using Human Quantikine kits (R&D Systems,Abingdon, UK),
according to the manufacturer's protocol.
1.3 Quantification of serum endotoxin concentrations

The endotoxin assay based on a Limulus amebocyte extract
(LAL) assay
(QCL-1000, Lonza Group Ltd.). Samples were diluted in pyro-

with a chromogenic Limulus amebocyte lysate

gen-free water and heated at 70 C for 10 min to inactivate endo-
toxin-neutralizing agents that inhibit the activity of endotoxin in
the LAL assay. Then, pyrosperse reagent (Lonza Group Ltd.), a
metallo-modified polyanionic dispersant, was added to the test
samples at a ratio of 1/200 (v/v) before LAL testing to minimize
interference in the reaction. Internal control of recovery calcula-
tion was included in the assessment. All samples were tested in
duplicate and results were accepted when the intra-assay CV was
less than 10 %. The endotoxin content was expressed as endotoxin
units (EU) per ml. Exhaustive care was taken to avoid environ-
mental endotoxin contamination and all material used for sample
preparation and the test was pyrogen-free.
1.4 Visualization of TJ proteins OC, CL—-2, and ZO—2 by
immunofluorescence

Immunofluorescent staining were carried out for OC, CL-2,
and ZO-2 in specimens. After blocking of endogenous peroxidases
for non-specific binding, slides were incubated in 1% bovine
serum album (BSA) for 30 min. After washing in PBS, primary
antibodies (rabbit anti-human CL-2 antibody: Zymed Laboratories,
San Francisco, USA; rabbit anti-OC antibody: Santa Cruz Biotech-
nology, Santa Cruz, USA; mouse anti-ZO-2 antibody: BD, Heidel-
berg, Germany) were applied according to the dilutions advised by
the manufacturers. Isotype staining assured specific staining re-
sults. Slides were then incubated with goat anti-rabbit Alexa546 or
goat anti-mouse Alexa546 secondary antibody, respectively
(Molecular Probes/Invitrogen, Karlsruhe, Germany). Nuclei were
stained with 4', 6-diamidino-2-phenylindole (DAPI) with a mount-
ing medium (Vectashield, Vertor Laboratories). Immunofluores-
cent-stained sections were captured (at 4 high-power fields) with a
microscope at the indicated magnifications using fluorescent light
(Axiovert, Zeiss, Goettingen, Germany).
1.5 Quantification of TJ proteins OC, CL-2, and ZO-2 by
western blotting

Western blotting analyses were undertaken according to stan-
dard protocols using the following primary antibodies: rabbit an-
ti-claudin-2 (Zymed), mouse anti-occludin (clone 19, 1:250 dilu-
tion; BD, San Diego, USA) and mouse anti-ZO-2 (clone 1, 1:250
dilution; BD). Membranes were blocked at room temperature for 1
h in Tris buffer saline containing 0.05 % Tween 20 (TBS-T) and 5
wt % non-fat dry milk. Nitrocellulose membranes were incubated
with primary antibodies for 1h at room temperature under slight
agitation. Specific staining was controlled using the corresponding

isotypes. Equal loading was ensured by staining with mouse an-
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ti-B-actin antibody (clone C4, 1:3,000 dilution; Chemicon, Temec-
ula , USA). After washing, the according horseradish peroxidase
(HRP)-conjugated secondary antibody (goat anti-rabbit IgG-HRP,
1:8,000; goat anti-mouse IgG-HRP,1:3,000 dilution; BD) was
added and the membrane incubated for a further 1 h under gentle
shaking. Proteins were detected using the ECL-Plus-western blot-
ting detection system (Amersham Life Science,Braunschweig,
Germany). Protein bands were quantified by densitometry using
Image-Pro Plus 6.0 (Media Cybernetics, Maryland, USA).
1.6 Stastical analysis

Continuous variables are expressed as means + SE,and cate-
gorical variables as frequency or percentages. Statistical differ-
ences in basal characteristics between groups were analyzed using
the X 2 test for categorical data and the two sample t-test for quan-
titative data. P <0.05 were considered to indicate statistical signifi-
cance. All analyses were conducted using the SPSS software (ver.
18.0).

2 Results and analysis

2.1 Patients characteristics

Features of the SAP patients and healthy individuals are

shown in Table 1. No significant difference was noted in gender,
age (P> 0.05). Statistically significant differences were found in
Ranson score and APACHE-II score between SAP patients and
healthy control (P<0.05).

Table 1 Characteristics of patients and healthy control

SAP healthy control P
Gender (M/ F) 32/18 22/18 0.162*
Age (years) 58.0+ 13.5 56.5+ 11.0 0.724¢
Ranson score 4.2+ 1.9 23+ 1.1 <0.05¢
APACHE-II score 10.6+ 1.2 5.5+ 2.1 <0.05

Note: HC: healthy control. a Pearson's x2-test, b mean £ SD (all such

values), ¢ two-sample t-test.

2.2 The levels of IL—6 and endotoxin in different groups
Table 2 shows the levels of IL-6 and endotoxin in serum of
50 SAP patients and 40 healthy individuals. We found significant-
ly higher levels of IL-6 and endotoxin in ealy stage(clinical course
in 0~7day) of SAP patients than late stage (clinical course in
8~14day) of SAP patients

0.735, P<0.05) between IL-6 and endotoxin in clinical course of

(P<0.01). A relative correlation (=

SAP is shown in Figure 1.

Table 2 The serum IL-6 and endotoxin levels in patients and healthy control (x+ s, pg/mL)

HC(n=40) SAP(n=50)
1d 3d 7d 10d 14d 1d 3d 7d 10d 14d

IL-6 365 123 373% 112 37.6% 12.6 358+ 107 364% 119 1204% 152 162.4% 17.1 170.8% 18.3 153.8+ 21.6 110.3% 22.1

Endotoxin 4.08% 121 4.12+ 126 5.02% 2.01 4.88% 1.96 4.66+ 1.92 9.71% 224 14.12+ 2.89 17.22+ 3.09 12.16% 3.11 9.15+ 3.04

Note: HC: healthy control. P<<0.05 SAP vs. HC. P<<0.05 ,SAP(< 7d) vs. SAP(> 7d).

Endotoxin (pg/aL)

£=0.735

20— p<0.05
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Fig.l The relationship between IL-6 and endotoxin in SAP.

2.3 The levels of IL—6 in serum and TJ proteins OC, CL—
2, and ZO-2 in different groups

Table 3 showed the levels of IL-6 in serum and TJ proteins
OC, CL-2, and ZO-2 in colonic mucosa tissue with SAP patients
of clinical course within 3days. Statistically significant differences
were found higher levels of IL-6 and lower expression of TJ pro-
teins between SAP patients and healthy controls (P<0.05). As seen
in Figure 2, the tissues from SAP patients decreased levels of CL-2
immuneofluorescence

could be detected by staining. The

claudin-2 proteins were detected mainly under the epithelium cells
and presented spot granular staining in epithelium of healthy pa-
tients, whereas much more spot granular staining existed in the
whole epithelial cells of SAP patients. OC and ZO-2 accumulated
in the entire mucosa, and was obviously decreased in SAP pa-

tients. And the western blot analyses confirmed these differences.

Table 3 The levels of IL-6 in serum and the expression of TJ proteins OC,

CL-2, and ZO-2 in colonic mucosa tissue (xx s, n%)

HC(n=40) SAP(n=12)
IL-6(pg/mL) 36.7+ 11.8 150.6+ 16.7
TJ proteins [(n)%]
CL-2 0/40 (100%) 9/3 (25%)
ocC 2/38 (95%) 10/2 (17%)
Z0-2 3/37 (93%) 11/1(8%)

Note: HC: healthy control. P <0.05 IL-6 HC vs SAP, P<<0.05 CL-2,0C,
7Z0-2 HC vs SAP.

3 Discussion

In our study, the SAP patients with colonic involvement were
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Fig.2 Localization of tight junction proteins in the colonic mucosa of SAP patients and healthy control. Representative photomicrographs show the

distribution of zonula occludens-2 (ZO-2), occludin, and claudin-2 proteins in the colonic mucosa of SAP patients and healthy control (a). Expression of

tight junction proteins in the colonic mucosa of SAP patients and healthy control. Representative immunoblots (b) and densitometric analyses of zonula

occludens-2 (ZO-2) (c), occluding (d), and claudin-1 (e) in colonic mucosa of healthy control and SAP patients. Values are medians and interquartile

ranges. ¢, P <0.05; d, P <0.05; e, P < 0.05.

treated with endoscope, and endoscopic biopsy had performed to
them. It is found that the clinical course in the frist 3 days of SAP
patients had lower expression of TJ proteins than healthy controls,
but had higher levels of IL-6 than healthy controls. Further, pa-
tients in early stage of SAP had higher levels of IL-6 and endotox-
in than late stage of SAP and healthy controls. Therefore, we con-
sidered that high levels of IL-6 in serum may contribute to endo-
toxin translocation from colon in SAP, and associate with the low
expression of TJ proteins in colonic mucosa of SAP patients
whose clinical course in the frist 3 days. A clinical trial defined the
characteristic of bacteremia in patients with acute pancreatitis by
16S ribosomal RNA gene-based techniques ", in such condition,
we can speculate that the endotoxin is secreted by bacteria which
transfers from the gut. To date, the mechanism of ET is not com-
pletely understood, some researches reported that bacterial translo-
cation via the lymphatic pathway, and this phenomenon occurs in

the earlier phases of SAP . Besides, in SAP, waterfall-style re-

lease of inflammatory factors led to ischemia-reperfusion injury of
gut mucosa which resulted in serious oxidative stress and severe
apoptosis of gut mucosa %, which lead to ET from gut. In our
study, although we did not investigate alterations in intestinal mi-
croflora and endotoxin, it has been reported that acute pancreatitis
had an intestinal bacterial overgrowth and translocation !, the al-
terations of intestinal microflora could affect the expression of TJ
proteins, increase the intestinal epithelial permeability, that is the
main reason lead to ET, and inflammatory cytokines are also in-
volved in the process above ",

Considering that the patients enrolled in our study had no ob-
vious exogenous infection, the inflammatory cytokines released in
SAP patients might play an important role in the gut barrier func-
tion injury and ET. It is worth noting in our study that the severity
of patients at an early stage of SAP were more serious than late
stage, as reported that the initial management of severe acute pan-

creatitis is conservative, the previous a week conservative treat-
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ment is crucial, but there are still some major controversies on
conservative treatment, such as fluid therapy, antibiotic treatment,
and nutrition ¥, At an early stage of SAP, it has high level of evi-
dence that enteral feeding could reduce local and systemic infec-
tion than antibiotic prophylaxis!™. A review reported™, the organ
failure of SAP is dynamic, in the first week of SAP predicts the
clinical course and outcome. Therefore, elimination of cytokines
such as IL-6 with continuous veno-venous hemofiltration (CVVH)
are necessary in the early stage of SAP?!, Otherwise, inflammato-
ry cytokines could reduce the expression of TJ proteins, enlarge
the intestinal permeability and cause ET, higher endotoxemia pre-
dicted poor outcome in severe acute pancreatitis'®.

There are some limitations to the present study. Currently, en-
doscopic biopsy for SAP patients has some certain risks, experi-
enced endoscopic examination physicians are needed to performe
the operation, techniques for the detection of TJ proteins in gut
with SAP patients primarily include TJ proteins extraction from
mucosa. Although immunofluorescence approach can lead false-
positive results which the proteins of cytoplasm and cell nucleus
also be detected and requires strict technology controls, it is a
common method for detecting TJ proteins expression, as ad-
dressed by Magin et al®. Kasem and his colleagues used real-time
polymerase chain reaction (PCR) to gene levels and proteins ex-
pression.This is an exact method, but is time-consuming. Certain-

ly, better methods need to be explored in the future.

4 Conclusions

In summary, high levels of IL-6 in serum have closely associ-
ated with TJ proteins injury in SAP patients, which may contribute
to the occurrence and development of ET. In future, reducing the
levels of IL-6 in serum and using the intestinal mucosa protectant
may be the necessary methods to reduce the riskes of ET.
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