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ABBREVIATIONS 

Abbreviation       Full form  

AOC    Acute Obstructive Cholangitis 

AOSC     Acute Obstructive Suppurative Cholangitis 

BDL     Bile duct ligation group 

ELISA     Enzyme-linked immunosorbent assay 

HMGB1    High Mobility Group Box 1 

IL-10     Interleukin -10 

IHC     Immunohistochemistry 

KCs     Kupffer cells 

LDL     Low-density lipoprotein 

MCP     Masculine Cell Population 

MODS     Multi-organ dysfunction syndrome 

PBMCs    Peripheral blood mononuclear cells 

RAGE     Receptor for Advanced Glycation Endproduct 

RT-PCR     Real Time Polymerase Chain Reaction  

SO     Sham operation group 

SRA     Scavenger receptor A 

TLRs     Toll-like receptors 

TNF - alpha   Tumor Necrosis Factor – alpha 
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High-mobility group box 1 and scavenger receptor A: novel 

applications in the management of patients with cholangitis 

 

Abstract 

Background: 

Cholangitis is the inflammation of biliary ducts which usually begins extra-hepatic 

and easily spreads intra-hepatic, causing bacteremia. Acute obstruction of biliary 

tract with the presence of pus is severe form of cholangitis know as Acute 

Obstructive Suppurative Cholangitis (AOSC) which has very high mortality. It is 

experienced that the Charcot’s triad and Reynold pentad are difficult to use in 

clinical practice for the management of cholangitis and recently published 

“Updated Tokyo Guidelines for management of cholangitis and cholecystitis in 

2013 is lack of evaluation and revision. 

High Mobility Group Box 1 (HMGB1) is a proinflammatory cytokine which is 

found to play an active role during the pathogenesis of inflammatory processes. In 

response to infection, HMGB1 acts as an important proinflammatory cytokine 

which may lead in the damage of cells and tissues. This process may continue to 

metabolic acidosis, multi-organ dysfunction syndrome (MODS) and sepsis. Recent 

studies have reported associations between HMGB1 and inflammation. But the 

correlation between HMGB1 and AOSC pathogenesis is not yet fully understood. 

We detect whether HMGB1 is involved in the pathogenesis of AOSC. 
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Scavenger receptor A (SRA) is a transmembrane glycoprotein and mainly 

distributed in hepatic Kupffer cells. It is SRA that relates to defensive reaction 

which mediates macrophage clearing and inactivating endotoxin. The relation 

between SRA and liver tissue during inflammation is not clearly described in the 

literatures. We intend to commence from AOSC and establish animal model of 

Wistar rats cholangitis so that we might investigate the expression of SRA and their 

relations to endotoxin, TNF-α, IL-6 and endotoxic hepatic injury in AOSC in order 

to uncover the mechanism of the conversion of Kupffer cells from immune 

defensive cells to inflammatory response cells during AOSC from histology, cell, 

molecule and gene, which may provide evidence for the establishment of new 

therapeutic regimen for AOSC. 

Purpose: 

This paper include two parts, (I) relationship between HMGB1 and Cholangitis 

patients and (II) relationship between SRA and mouse model of cholangitis to 

provide evidence for the establishment of new management regimen for 

Cholangitis. 

Methods: We collected samples of peripheral blood from 23 patients with AOSC 

and 23 healthy volunteers who served as normal controls. All were tested for the 

HMGB1 mRNA, the HMGB1 protein, Tumor Necrosis Factor - alpha (TNF - 

alpha) and Interleukin -10 (IL-10). HMGB1 mRNA was tested using RT-PCR. 
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HMGB1 Protein was tested using Western blot. TNF-alpha and IL-10 were tested 

using ELISA. 

Also, Mouse model of AOC were reproduced by ligating choledochus and injecting 

Escherichia coli O111B4 into it. The concentration of plasma endotoxins were 

assayed by litmus test. The level of tumor necrosis factor-alpha (TNF-alpha) and 

Interleukin-6 (IL-6) in plasma were determined with enzyme-linked 

immunosorbent assay (ELISA). The expression of SRA protein in liver tissue was 

assayed by immunohistochemistry, and the expression of SRA mRNA in liver 

tissue were detected via light microscope. 

Results: The expression of HMGB1 mRNA and HMGB1 Proteins were higher in 

AOSC group than that of normal controls (P<0.01) and it gradually decreased to 

normal level after the treatment of the disease (P<0.01). The content of TNF-alpha 

and IL-10 in peripheral blood of AOSC patients was significantly higher than the 

content of normal controls (P<0.01) and they decreased to normal level after the 

necessary treatment (P<0.01). 

The plasma endotoxins concentrations in AOC were progressively increased with 

the time prolonged. With increasing endotoxin, the level of TNF-alpha and IL-6 

were also markedly increased. The SRA protein and mRNA expression were 

obviously decreased with prolonged experimental time. There were significant 

difference among experimental groups and control groups (P<0.01). Liver 

histopathological study showed that the hepatic injury was gradually aggravated 
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with the time prolonged. Massive inflammatory cells infiltration and large-area 

hepatocytes degeneration and necrosis were found in later period. 

 

Conclusions: The level of HMGB1 mRNA and HMGB1 Protein are elevated in 

patients with AOSC which may have important role in the inflammation of bile 

duct and seems to be associated with the development of sepsis suggesting its 

importance in the management of AOSC-induced sepsis.  

The expression of SRA in Kupffer cells gradually decreases with progressively 

increasing plasma endotoxin levels in AOC. Its ability of clearing and inactivating 

LPS correspondingly descends. In the meantime, endotoxin strengthen activating 

Kupffer cells. Hence, it might be one of the important mechanism for the 

conversion of Kupffer cells from immune defensive cells to inflammatory response 

cells. We found, the decreased expression of SRA in Kupffer cells is responsible for 

endotoxin hepatic injury in AOC. 

 

Key Words: Acute Obstructive Cholangitis; HMGB1; Interleukin-10; 

TNF-alpha, Sepsis; Inflammation; Scavenger Receptor A; Endotoxemia; Cytokine, 

Endotoxin Hepatic Injury. 
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(I) Role of High Mobility Group Box 1 (HMGB1) in the 

patients with Acute Obstructive Suppurative 

Cholangitis-induced Sepsis 

Abstract 

Backgrounds: High Mobility Group Box 1 (HMGB1) is a proinflammatory 

cytokine which is found to play an active role during the pathogenesis of 

inflammatory processes. Our primary aim is to detect whether HMGB1 is involved 

in the pathogenesis of Acute Obstructive Suppurative Cholangitis (AOSC). 

Methods: We collected samples of peripheral blood from 23 patients with AOSC 

and 23 healthy volunteers who served as normal controls. All were tested for the 

HMGB1 mRNA, the HMGB1 protein, Tumor Necrosis Factor - alpha (TNF - 

alpha) and Interleukin -10 (IL-10). HMGB1 mRNA was tested using RT-PCR. 

HMGB1 Protein was tested using Western blot. TNF-alpha and IL-10 were tested 

using ELISA. 

Results: The expression of HMGB1 mRNA and HMGB1 Proteins were higher in 

AOSC group than that of normal controls (P<0.01) and it gradually decreased to 

normal level after the treatment of the disease (P<0.01). The content of TNF-alpha 

and IL-10 in peripheral blood of AOSC patients was significantly higher than the 

content of normal controls (P<0.01) and they decreased to normal level after the 

necessary treatment (P<0.01). 
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Conclusion: The level of HMGB1 mRNA and HMGB1 Protein are elevated in 

patients with AOSC which may have important role in the inflammation of bile 

duct and seems to be associated with the development of sepsis suggesting its 

importance in the management of AOSC-induced sepsis. 

Keywords: Acute Obstructive Suppurative Cholangitis; HMGB1; Interleukin-10; 

TNF-alpha, Sepsis; Inflammation 
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Introduction 

High mobility group box 1 (HMGB1) is chromatin binding protein which is 

normally located predominantly inside the nucleus of the cell. It is mainly 

responsible for transcription and growth factor. Recent studies of HMGB1 

identified it as mediator of inflammation when it is released to the extracellular 

environment and has been demonstrated as a key factor for the development of 

pathogenesis of acute inflammation. In response to infection, HMGB1 acts as an 

important proinflammatory cytokine which may lead in the damage of cells and 

tissues. This process may continue to metabolic acidosis, multi-organ dysfunction 

syndrome (MODS) and sepsis. It is universally accepted that sepsis is a fatal which 

is mediated by inflammatory mediators like TNF-alpha, IL-10, HMGB1, etc. All 

these factors have important action in the startup, maintenance and resolution of 

inflammation. TNF-alpha and IL-10 are the early inflammatory factors which occur 

in the earlier phase during the onset of sepsis and even a minimal delay in the 

therapeutic method direct against the early inflammatory factors make the clinician 

difficult in the management of the disease. Serum HMGB1 was significantly 

elevated from 8 h to 72 h after the endotoxin exposure in comparison with early 

inflammatory mediators, TNF-alpha and Interleukin.
1,2

 The treatment with the 

delayed administration of anti-HMGB1 antibodies
3
, a box of HMGB1

3
, and ethyl 

pyruvate beginning as late as the disappearance of plasma TNF-alpha and 

Interleukin significantly increases the survivals.
4
 Thus, targeting HMGB1 for the 
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therapy of sepsis has wider role than targeting early inflammatory cytokines like 

TNF-alpha and IL-10 in the management of sepsis and recent studies has found 

many targeting agents against HMGB1 for the treatment of sepsis.
5,6

 

Cholangitis is the inflammation of biliary ducts which usually begins extra-hepatic 

and easily spreads intra-hepatic, causing bacteremia. It was first described as 

clinical finding of fever, abdominal pain and jaundice by Charcot in 1977 known as 

“Charcot Triad” and later in 1959 by Reynolds with the addition of mental 

confusion and septic shock known as “Reynolds Pentad”. Obstruction of biliary 

ducts and presence of superposing bacterial infection are common features in 

cholangitis. Obstruction of biliary tract is mostly caused by choledocholithiasis. 

Moreover, malignancy, benign strictures, and interventions to the biliary duct may 

also be the cause of biliary obstruction. Acute obstruction of biliary tract with the 

presence of pus is severe form of cholangitis know as Acute Obstructive 

Suppurative Cholangitis (AOSC) which has very high mortality if the drainage is 

delayed. It is experienced that the Charcot’s triad and Reynold pentad are difficult 

to use in clinical practice for the management of cholangitis. Recently published 

“Updated Tokyo Guidelines for management of cholangitis and cholecystitis in 

2013 is lack of evaluation and revision.
7
 In our previous study, we found NF-kB 

which is very early mediator of inflammation is markedly increased in patients with 

severe acute cholangitis and degree of NF-kB is correlated with the degree of 

severity of the cholangitis.
8
 Degree of NF-kB also correlates in the clinical 
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outcome. In another previous study with the patients of cholangitis, we observed 

that TREM-1, which is also an early inflammatory cytokine could significantly 

provide useful early indicator for sepsis.
9
 But little to no research exits about the 

late inflammatory mediators in the patients with AOSC or sepsis induced by AOSC. 

Recent studies have reported associations between HMGB1 and inflammation.
10-12

 

Previously, we have found that HMGB1 can be potential valuable marker for the 

diagnosis of acute appendicitis.
13

 But the correlation between HMGB1 and AOSC 

pathogenesis is not yet fully understood. Our objective of this current study was to 

determine HMGB1 with the inflammatory process of AOSC. 
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Materials and methods 

All experimental protocols described in this study were approved by the research 

ethic review committee of the Second Affiliated Hospital of Chongqing Medical 

University and comply with the Chinese government guidelines. A total of 23 

AOSC-induced sepsis patients admitted to the Department of Hepatobiliary 

Surgery, the Second Affiliated Hospital of Chongqing Medical University. P. R. 

China between November 2010 and June 2011 were randomly enrolled in 

prospective study. During that period, 23 healthy individuals were also randomly 

selected from the Physical Examination Center of the Second Affiliated Hospital, 

Chongqing Medical University, P. R. China with their written consent for 

involvement in this study for study as a control group. All the AOSC-induced 

sepsis patients and the control groups were between the ages of 18 years to 80 years 

old and ethnically similar (Han Chinese). The selection of AOSC-induced sepsis 

patients was based on Diagnostic criteria and severity assessment of acute 

cholangitis: Tokyo Guidelines
14

 and International Sepsis Definitions Conference 

2003.
15

 Patients involved in this study were performed biliary drainage by via 

ERCP or PRC or Endoscopic Ultrasound-guided drainage or open surgical 

drainage.  

The peripheral blood samples of each AOSC-induced sepsis patients were obtained 

pre-drainage, 12 hours post-drainage and 24 hours post-drainage, respectively. 
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Also, peripheral blood samples from control groups were obtained after overnight 

fasting. 

Each sample was collected into 5 mL tubes, one with heparin and the other without 

heparin. The peripheral blood mononuclear cells (PBMCs) were immediately 

separated from the samples with heparin using a lymphocytes separating medium 

and a density gradient centrifuge. We wait until the blood clot for the tube without 

heparin. The serum was separated and taken out from the tube and then stored at 

-70 
0
C.  

mRNA measurement by Real Time Polymerase Chain Reaction 

(RT-PCR) 

Mononuclear cells were isolated from the blood sample using a lymphocytes 

separation medium (Bosoter, China), a ficoll density gradient isolating lymphocytes 

by centrifuging. The single step technique of acid guanidinium thiocyanate 

chloroform extraction was used for total RNA extraction according to the 

instructions provided by manufacture. We determined the concentration of purified 

total RNA by spectrophotometrically at the weave length of 280 nm. mRNA of 

HMGB1 in blood samples and β-actin  were quantified in duplicate by Real Time 

- PCR. We removed the potential contaminated DNA with DNase I. We used 1 ug 

of total RNA from each sample for reverse transcription with an oligo (dT) and a 

Super Script II to generate first strand cDNA. Thermal cycling conditions were 
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done for 2 min at 94 
0
C followed by 35 cycles at 94 

0
C for 30 s and at 60 

0
C for 3 

min on a Sequence Detection System (Applied Biosystems, Foster City, CS, USA). 

Each gene expression was normalized with β-actin mRNA content. Sequences of 

human primer for PCR were shown which follows: HMGB1 Bbox (127 bp) – 

5’-GCG GAC AAG GCC CGT TA-3’ ( sense),  5’- AGA GGA AGA AGG CCG 

AAG GA – 3’ (antisense); β-actin (255bp) – 5’ – CAA AGA CCT GTA CGC CAA 

CA -3’ (sense), 5’ – GAA GCA TTT GCG GTG GAC – 3’ (antisense). 

HMGB1 Protein Measurement by Western Blotting Analysis 

The difference between HMGB1 box gene expressions levels were analyzed using 

a Western Blotting Analysis. Proteins were quantified using Nanodrops 1000 

(Thermo Scientific, Wilmington, DE, USA). Serum blood samples were 

denaturized at 100 0C for 5 min. Equal amount of proteins were loaded in each 

well for electrophoresis in 10% of SDS-polyacrylamide gels, then transferred to 

polyvinylidene fluoride micropoporous membranes (Millipore Corporation, 

Billerica, MA). The membrane containing the transferred proteins were blocked 

with 5% bovine serum albumin (BSA) and then incubated with rabit anti-HMGB1 

polyclonal antibody (1:250; BD Pharmingen, San Diego CA) followed by an 

incubation with horseradish peroxidase-linked secondary antibodies (1:1000; 

Golden Bridge, Beijing, China). For the standardization and comparison, the 

membranes were also hybridized to a primary anti β-actin antibody (1:1000; Santa 

Cruz technology, santa Cruz, CA, USA) or antihistine H 3.1 antibody (1:1000; 
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SAB, Pearland, TX, USA). The bands appearing on film were analyzed with Gene 

Tools software (Syngene, Frederick, MD). 

Enzyme-linked immunosorbent assay (ELISA) 

The concentration of TNF-alpha and IL-10 in the blood serum was detected using 

commercial available ELISA kits (R and D Systems, Minneapolis, MN, USA) and 

performed according to the manufacturer’s instructions. 

These three statically analysis were completed with SPSS19.0 software for 

Windows (SPSS, Chicago, IL, USA). Data are presented as mean ±SEM unless 

otherwise indicated. A Kuskal-Wallis analysis was performed to ascertain that there 

is an overall difference, and Mann-Whitney U test was used to test difference 

between the groups. P values <0.05 were considered statically significant. P values 

<0.01 were considered notable statistical significant. 
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Results 

Association of HMGB1 mRNA expression in Peripheral Blood 

Mononuclear Cells (PBMCs) of AOSC Patients 

The total RNA of peripheral blood mononuclear cells (PBMCs) were extracted and 

the HMGB1 mRNA were amplified by RT-PCT to detect the expression of 

HMGB1 mRNA in PBMCs of AOSC patients (Figure 1). As shown in the Figure 3, 

the level of HMGB1 mRNA of PBMCs with AOSC patients was 0.82±0.04 which 

was significantly 62% higher than that of 0.31±0.06 (P<0.01) in healthy donors. We 

also found that the level of HMGB1 mRNA gradually decreased to 0.4±0.05 and 

0.38±0.07 (P<0.01) after 12 hours and 24 hours post drainage respectively. The 12 

hour post drainage level of HMGB1 mRNA was decreased to 32% compared with 

pre-drainage. 

Association of HMGB1 protein in Peripheral Blood Mononuclear Cells 

(PBMCs) of AOSC Patients 

The HMGB1 protein level of both the groups, the AOSC patients and the healthy 

donors, were tested using a Western Blotting Analysis from the prepared blood 

serum, which was stored at -70 
0
C (Figure 2). As in Figure 3, we found that the 

level of the HMGB1 protein in AOSC patients was 0.81±0.03, which was 

significantly 57% higher than that of 0.35±0.05 (P<0.01) in healthy donors. The 

level of HMGB1 proteins gradually decreased to 0.56±0.05 and 0.42±0.07 (P<0.01) 
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after 12 hours and 24 hours post-drainage. The 12 hour post drainage level of 

HMGB1 proteins decreased 37% compared to pre-drainage. 

 

Association of TNF-alpha and IL-10 expression in Peripheral Blood 

Mononuclear Cells (PBMCs) of AOSC Patients 

The level of TN- alpha and IL-10 proteins in the blood serum of each sample of 

AOSC patients and healthy donors was determined using commercial available 

ELISA kits. We found that the TNF-alpha and IL-10 were significantly higher than 

the contents in healthy donors and gradually decreased after biliary passage 

drainage (Figure 4). The average pre-drainage value of TNF-alpha was 469±35 

pg/ml and it decreased to 243±26 pg/ml and 132±47 pg/ml after 12 hours and 24 

hours post-drainage respectively, while it was 102±16 pg/ml in healthy controls. In 

the same way, the average pre-drainage value of IL-10 was 33.369±6.443 pg/ml 

and it decreased to 20.562±5.630 pg/ml and 13.742±3.374 pg/ml after 12 hours and 

24 hours post-drainage respectively, while it was 11.490±1.088 pg/ml in healthy 

controls (Figure 5). 
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Discussion 

Acute cholangitis is a systemic infection disease characterized by acute 

inflammation and biliary tract infection. Acute cholangitis occur due to the 

bacterial colonization within the biliary tract which increase the internal pressure of 

biliary tract and cause the backflow of bacteria and endotoxins within the 

circulatory system.
16,17

 Acute Obstructive Suppurative Cholangitis (AOSC) is 

severe form of cholangitis where there is collection of pus in the biliary tract. 

Drainage of biliary tract should be performed as soon as possible in patients with 

AOSC otherwise translocation of bacteria into the bloodstream results in 

septicemia, an often fatal complication of acute cholangitis which induces severe 

organ damage and high mortality. There was no appropriate guideline for the 

diagnosis and management of acute cholangitis before TG13: Updated Tokyo 

Guidelines for the management of acute cholangitis and cholecystitis.
7
 The 

symptoms and signs described as Charcot’s triad and Reynold’s pentad are difficult 

for the physicians to use in the diagnosis and management strategies for the clinical 

setting. The newly published TG13 is considered to have better diagnostic and 

management capacity. However, TG13 lacks enough feedback and revisions. 

Within one year of short time period, some studies found the diagnostic criteria of 

TG13 fails to express severe cases of Cholangitis that requires emergency biliary 

drainage.
18

 Hence, management strategy of TG13 might not very specific for 

AOSC which is severe form of cholangitis in which emergency biliary drainage is 
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mandatory. Hence, there is need for further study in the diagnosis and management 

of AOSC. It will be a helpful step for the management of AOSC if there is marker 

that can be used to diagnose the AOSC-induced cholangitis. Recently, many studies 

have found that HMGB1 is an important agent for the diagnosis and management 

of sepsis. This study focus on the correlation of HMGB1 with the patients of 

AOSC. 

These days many clinical studies, as well as experimental studies have described 

the release of HMGB1 during inflammation.
13,19

 It is shown that HMGB1 is found 

as a mediator of inflammation when it is released extracellular. The extracellular 

release of HMGB1 might be either through active release which is by immune cells 

and passive secretion after cell is dead. Inside the nucleus, HMGB1 function as a 

protein for binding chromatin and help in the transcription process of gene.
20

 

Extracellular release of HMGB1 is due to translocation of HMGB1 from nucleus 

into the cytoplasm which involve process of acetylation
21

, phosphorylation
22

 and 

methylation.
23

 Extracellular HMGB1 then start exerting biological expression via 

its receptors. HMGB1 signaling is mediated by several receptors which include 

Receptor for Advanced Glycation Endproduct (RAGE) and Toll-like receptors 

(TLRs).
24,25

 During infection, endotoxins are produced by bacteria which activate 

monocytes and macrophages such as TNF-alpha, IL-10, etc. These cytokines 

promote HMGB1 translocation from nucleus into the cytoplasm and further goes 

into transcription process by themselves.
5,26,27

 These produced HMGB1 acts 



重庆医科大学博士研究生学位论文 

 

 19 

themselves as cytokines which further induces the stimulation of another 

inflammatory agents resulting in worsening of inflammation. 

Our study demonstrated the expression of TNF-alpha, IL-10 and HMGB1 level 

were significantly high in the patients with AOSC than the normal control. After 

the drainage, the level of HMGB1, TNF-alpha and IL-10 with the patients with 

AOSC were decreased as infection was gradually decreased indicating that, with 

the exacerbation of AOSC, HMGB1 is positively correlated with the disease. 

Increased expression of TNF-alpha and IL-10 are also shown in non-inflammatory 

diseases whereas increased expression of HMGB1 is particularly seen in the 

peripheral blood mononuclear cells (PMCs) and serum with the patients with 

sepsis. Some recent studies have also reported that the severity of the disease 

increases with the increase in the expression of HMGB1. In severely burned 

patients, it is reported that the level of HMGB1 expression is significantly higher in 

dead patients in comparison to the survivors.
28

 HMGB1 has been studies since 

more than four decades and in recent years it has gained its attention for the marker 

of sepsis. Our previous study has demonstrated that the HMGB1 expression can be 

novel marker for the diagnosis of acute appendicitis and also help the physician to 

decide the severity of the disease.
13

  As TNF-alpha and IL-10 are early marker of 

inflammation whereas expression of HMGB1 is found up to late stage of the sepsis, 

its significance in sepsis patients can be higher than early inflammatory factors like 

TNF-alpha and IL-10. Currently, several animal and clinical studies have also 
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demonstrated protective effect of anti-HMGB1 agent on sepsis. It should be noted 

that if the sepsis is due to HMGB1, there will be an adequate time interval to detect 

it and give anti-HMGB1 for the therapeutic management of the sepsis. 

In the patients with AOSC-induces sepsis, bacteria can easily enter the circulatory 

system as there is increased intra-ductal pressure due to blockage of biliary tract. 

These bacteria produces endotoxins and proinflammatory agents. The produced 

proinflammatory agents activate monocytes and macrophages which cause the 

HMGB1 to release in the extracellular environment. The released HMGB1 act itself 

as proinflammatory factor which worsen the inflammation as well as affect the 

distal organs.
26,27

 From this point of view, the increased level of HMGB1 could 

directly correlated with the severity of ASOC-induced sepsis and hence can be 

useful in the diagnostic marker with the patients of AOSC. Also, controlling the 

expression of HMGB1 by anti-HMGB1 agent might improve the efficacy in the 

therapy of AOSC by managing systemic inflammation and reducing organ injury 

by sepsis. However, there is lack of clinical evidence in suppressing increased 

expression of HMGB1 in sepsis patients and this need to clarify by the results of 

clinical trials.  
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Conclusion 

Our study has demonstrated increased expression of HMGB1 in serum and 

peripheral blood mononuclear cells of AOSC-induced sepsis patients which may 

play important role for the progression of sepsis with the patients with AOSC. The 

sample size of our study is small and we have not included the inflammation due to 

other disorders which are the important parameters for affecting sensitivity and 

specificity of HMBG1 in the patients of AOSC. The mechanism of HMGB1 with 

the patients of AOSC remain unclear and some work remain to be done. This result 

is not designed to control AOSC-induced sepsis through anti-HMGB1 therapy and 

this needs to be further researched. While we have yet to complete further 

researches to demonstrate the sensitivity and specificity of HMGB1 in the 

diagnosis and therapy for the patients with AOSC, combined with other diagnostic 

markers, HMGB1 could provide a useful biomarker for AOSC-induced sepsis. 
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Figure 1 Expression of high-mobility group box 1 mRNAin peripheral blood 

mononuclear cells by real-time polymerase chain reaction analysis. 

Notes: Total RNAwas obtained from peripheral blood mononuclear cells of the 

control group and from acute obstructive suppurative cholangitis-induced sepsis 

patients (before the drainage, 12 hours after the drainage, and 24 hours after the 

drainage, respectively). Electrophoresis of high-mobility group box 1 gene 

fragment amplification product is shown. Lane 1 represents polymerase chain 

reaction product of control group, lane 2 represents polymerase chain reaction 

product of AOSC-induced sepsis group 24 hours after the drainage, lane 3 

represents polymerase chain reaction product of AOSC-induced sepsis group 12 

hours after the drainage, lane 4 represents polymerase chain reaction product of 

AOSC-induced sepsis group before the drainage and lane 5 represents DL2000 

marker. 

Abbreviations: AOSC, acute obstructive suppurative cholangitis; HMGB1, 

high-mobility group box 1. 
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Figure 2 Western blotting analysis of high-mobility group box 1 protein expression 

in peripheral blood mononuclear cells. 

Notes: Western blotting was performed to detect protein level of high-mobility 

group box 1. Total protein was extracted from peripheral blood mononuclear cells. 

Lane 1 represents the control, lane 2 represents preoperation, lane 3 represents 

postoperation 12 hours, and lane 4 represents postoperation 24 hours. 

Abbreviation: HMGB1, high-mobility group box 1. 
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Figure 3 Comparison of high-mobility group box 1 (HMGB1) mRNAand 

high-mobility group box 1 protein expression among patients with acute 

obstructive suppurative cholangitis and controls (n=23). 
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Figure 4 The analysis of tumor necrosis factor alpha by enzyme-linked 

immunosorbent assay (ELISA) in serum of operated and healthy controls. 

Notes: Tumor necrosis factor alpha (TNF-α) was quantitated using an ELISAkit. 

Data are expressed as median for each sample. Experiments were performed at 

least three times, getting similar results

•compared with 12 hours postdrainage, P,0.01. 
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Figure 5 The analysis of interleukin 10 (IL-10) by enzyme-linked immunosorbent 

assay (ELISA) in serum of operated and healthy controls. 

Notes: Tumor necrosis factor alpha was quantitated using ELISAkit. Data are 

expressed as median for each sample. Experiments were performed at least three 

hours postdrainage, P,0.01. 
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Table 1. Clinical Characteristic of Patients with AOSC and Controls 

                                                           AOSC (n=23)                              

Healthy Control (n=23) 

Age 

Sex (M/F) 

Temperature (°C)  

White Blood Cell (cells/μl)  

Neutrophil (cells/μl)  

Monocyte (cells/μl) 

Liver Function   

 AST (U/L)  

 ALT(U/L) 

 DB(μmol/L) 

 IB(μmol/L)  

 TBA(μmol/L) 

52.5±21.5 

13/10 

39.6±.95 

18.27±3.59 

16.52±3.11 

0.90±0.17 

 

207.51±40.67 

186.83±43.31 

101.06±22.74 

75.97±17.54 

167.48±36.31 

51.5±20.70 

12/11 

36.6±.46 

6.75±1.67 

3.69±0.41 

0.21±0.06 

 

27.22±9.72 

22.13±6.47 

7.48±4.74 

5.56±2.28 

9.48±2.43 

AOSC = Acute Obstructive Suppurative Cholangitis, AST = Aspartate Aminotransferase, ALT = 

Alanine Aminotransferase, DB = direct bilirubin, IB = Indirect Bilirubin, TBA = Total Bile Acid 
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(II) Expression of Scavenger Receptor A in Rat’s Liver 

Tissue during Acute Obstructive Cholangitis and Its 

Significance 

Abstract: 

Objective: Acute Obstructive Cholangitis (AOC) is a common disease which leads 

to sepsis, shock and multiple organ dysfunction syndrome (MODS). Liver is the 

largest and the major organ for the defense mechanisms during the sepsis. Our aim 

was to investigate the expression of Scavenger Receptor A (SRA) in rat’s liver 

tissue during AOC and its relation with the inflammatory mediators and hepatic 

injury caused by endotoxins. 

Methods: Mouse model of AOC were reproduced by ligating choledochus and 

injecting Escherichia coli O111B4 into it. The concentration of plasma endotoxins 

were assayed by litmus test. The level of tumor necrosis factor-alpha (TNF-alpha) 

and Interleukin-6 (IL-6) in plasma were determined with enzyme-linked 

immunosorbent assay (ELISA). The expression of SRA protein in liver tissue was 

assayed by immunohistochemistry, and the expression of SRA mRNA in liver 

tissue were detected via light microscope. 

Results: The plasma endotoxins concentrations in AOC were progressively 

increased with the time prolonged. With increasing endotoxin, the level of 

TNF-alpha and IL-6 were also markedly increased. The SRA protein and mRNA 

expression were obviously decreased with prolonged experimental time. There 

were significant difference among experimental groups and control groups 
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(P<0.01). Liver histopathological study showed that the hepatic injury was 

gradually aggravated with the time prolonged. Massive inflammatory cells 

infiltration and large-area hepatocytes degeneration and necrosis were found in 

later period. 

Conclusion: The expression of SRA in Kupffer Cells (KCs) in liver tissue 

gradually decreases with progressive increasing plasma endotoxins level in AOC. 

The decreased expression of SRA is responsible for endotoxin hepatic injury. It 

might be one of the important mechanism for the conversion of KCs from immune 

defensive cells to inflammatory response cells. 

 

Key Words: Acute Obstructive Cholangitis; Scavenger Receptor A; 

Endotoxemia; Cytokine, Endotoxin Hepatic Injury 
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Introduction 

Liver is vital organ which has many functions including immunological tolerance 

for foreign antigens. Liver diseases are major health problems with significant 

mortality.(Guan and He 2013)  Acute obstructive cholangitis (AOC) commonly 

leads to sepsis, septic shock and multiple organ dysfunction syndrome 

(MODS).(Takada et al. 2013) Liver is the largest organ for defense in 

sepsis.(Hilliard et al. 2015) Kupffer cells play vital role in defense by clearing 

bacterium and endotoxin. (Bilzer et al. 2006; Hutchins et al. 2013) They also have 

important role in the pathogenesis of hepatic injury in sepsis and MODS.(Sato et al. 

2014; Kim et al. 2011; Rivera et al. 2007) Although pathological and 

immunological mechanism of hepatic injury due to inflammatory diseases have not 

been completely understood, activation of hepatic endotoxin is critical event in 

inflammatory process.(Heymann et al. 2015) Scavenger Receptor A (SRA) is a 

transmembrane glycoprotein and mainly distributed in hepatic Kupffer 

cells.(Prabhudas et al. 2014) The SRA reflects defense reaction that mediates 

macrophage clearance and inactivation of endotoxin.(Kelley et al. 2014)  

We aim establish animal model of AOC in Wistar rats to investigate the expression 

of SRA and its relations to endotoxin, tumor necrosis factor (TNF-α), interleukin 

(IL-6) and hepatic injury. The histological changes in Kupffer cells will provide 

evidence for its changing role from immune defense to inflammatory response cells 

during AOC. These observations may provide basis of therapeutic regimen targeted 

to protect liver cell damage during AOC, sepsis and MODS. 
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Materials and Methods 

      Animal 

All experimental protocols described in this study were approved by the research 

ethics review committee of the Second Affiliated Hospital of Chongqing Medical 

University and comply with the Chinese government guidelines.  Ninety Wistar 

rats of both male and female weighing 200±20g were used. The animals were 

divided randomly into three groups. The first group (n=30) was the acute 

cholangitis group (AC). We set up AOC animal model by ligating choledochus and 

injecting Escherichia coli O111B4 (5×10
9
 cfu/ml) 0.2ml into it. The second group 

(n=30) was the bile duct ligation group (BDL), whose choledochous ducts were 

ligated and injected into 0.2ml 0.9% normal sodium. The third group (n=30) was 

the sham operation group (SO). The rats were sacrificed immediately at 0, 3, 6, 12 

and 24 hours, respectively. There were 6 rats at each time point. Plasma and liver 

tissue were extracted and stored at -20℃ and -70℃ for later use. 

Methods 

Endotoxin concentration in plasma 

The Limulus Amebocyte Lysate assay kits were bought from Shanghai Yihua 

Medical Technology Inc. The concentrations of endotoxin in plasma were assayed 

by limulus test according to the manufacturer’s instructions. The presence of the 

endotoxin was detected at 545 nm using the Bio-tek Kcjunior microplate reader.  
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TNF-α and IL-6 levels in plasma 

The levels of TNF-α and IL-6 in plasma were measured with ELISA kits (Boster 

Inc, Wuhan) designed for the determination of rat cytokines following 

manufacturer’s instructions. The cytokines were detected at 450 nm still using the 

Bio-tek Kcjunior microplate reader.  

Expression of SR-A Protein 

The expression of SR-A protein in liver tissue was assayed by standard 

immunohistochemistry examination. The first antibody was goat anti-mouse SRA 

monoclonal antibody, which was bought from Santa Cruz Inc. The second antibody 

got from Wuhan Boster Inc, which was a rabbit anti-goat antibody. Placing the 

sections under 400×light microscope, we might figure out average 

Immunohistochemistry (IHC) (+) Masculine Cell Population (MCP) by randomly 

selecting five visual fields to count IHC (+) MCP.  

Expression of SRA mRNA 

The expression of SRA mRNA in liver tissue was measured by real time 

polymerase chain reaction (RT-PCR). The primer of SRA mRNA and the primer of 

β-actin mRNA as control were designed according to method of Singh
 
A et 

al.(Singh et al. 2015) The images, got from gel electrophoresis of RT-PCR 

amplification products, could stand for relative expression of SRA mRNA by being 

automatic analyzed in BioRad Image Pro-Plus system. That was to say, the relative 

expression of SRA mRNA was equal to IODSR-A/IODβ-actin. 
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Histopathological study in liver tissue 

The liver tissue samples were fixed in 10% neutral- buffered formalin. After 48 

hours of fixation, liver tissues were embedded in paraffin. 4 micrometer sections 

were sectioned, and stained with hematoxylin and eosin for conventional 

histopathological evaluation.  

Statistical analysis 

Results are expressed as mean ± SEM. Statistical analysis were performed using 

software of SPSS 20.0. The difference among each group were analyzed by t test. A 

P value below 0.05 was considered to be significant. 
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Results 

The changes of plasma endotoxin levels 

The plasma endotoxin concentrations in AOC group had increased obviously at 

postoperative 3 hours, and progressively risen with prolonged experimental time. It 

reached peak at 24 hours. Compared with BDL group and SO group, there were 

significant differences among three groups (P＜0.01). The levels of endotoxin in 

BDL group at 24h slightly increased, while those in SO group have no obvious 

varieties in various time points (Figure 1-1).  

The changes of plasma TNF-α and IL-6 levels 

The plasma TNF-α content in AOC group had soar evidently after postoperative 3 

hours, while those of IL-6 just started increase at 3 hours and increased strikingly at 

6 hours. Both of them continued to rise with prolonged experimental time and 

reached peak at 24 hours. Compared with the BDL group and the SO group, there 

were marked differences among three groups (P＜0.01). The levels of TNF-α in 

BDL group mildly increased at 12h and 24h, while those of IL-6 in BDL group just 

gently increased at 24h. The levels of TNF-α and IL-6 in SO group in various time 

points have no evident varieties (Figure 2-1, and Figure 2-2). 

The expression of SRA protein in liver tissue 

We have found significant difference in the expression of SRA protein in liver 

tissue in AOC group compared with BDL group and SO group (P＜0.01) (Figure 

3-1). Immunohistochemistry showed that the brown positive products of SRA 

expression were mainly located on the surface of Kupffer cells and were diffusely 
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distributed inside liver tissue in AOC group at 0h (Figure 3-2). The expression of 

SRA in AOC group had decreased at 3 hours and gradually descended with 

prolonged experimental time. It was very obvious at 24 hours (Figure 3-3～Figure 

3-6).  

The expression of SRA mRNA in liver tissue 

RT-PCR showed that the expression of SRA mRNA in AOC group had descended 

at 3 hours and progressively decreased with prolonged experimental time. At 24 

hours, compared with the BDL group and SO group, AOC group have very 

significant differences (P＜0.01). The expression of SRA mRNA in BDL and SO 

groups have not evident changes. We demonstrated furthermore the fact from gene 

that SRA expression in mRNA was in accordance with that in protein. The 

expression of SRA in gene and protein gradually decreased with progressive 

increasing plasma endotoxin levels. (Figure 4-1～Figure 4-2). 

Histopathological study in liver tissue 

Histopathological study via light microscope have found that the hepatic injury 

gradually aggravated with prolonged experimental time in AOC group. Many 

inflammatory infiltration mainly consisting of neutrophil and expansion of central 

veins were found at 3h (Figure 5-1), focal inflammation were found in liver 

parenchyma at 6h (Figure 5-2), obvious expansion of portal area, massive mixing 

inflammatory cells infiltration were found at 12h (Figure 5-3), large-area 

hepatocyte degeneration and necrosis were found at 24h (Figure 5-4). In BDL 

group, manipulus inflammatory cells infiltration were found in portal area, no 
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obvious inflammatory cells were found in liver parenchyma (Figure 5-5). No 

obvious histopathological changes are found in SO group liver tissue (Figure 5-6). 
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Discussion 

Acute obstructive cholangitis (AOC) is a type of cholangitis with the symptom of 

right upper abdominal pain, jaundice, chills with fever. In severe cases of AOC, 

sign of central nervous system such as lethargy, disorientation, or coma, combined 

with septic shock are involved.(Liao et al. 2009; Gong et al. 2002) It easily lead to 

systematic inflammatory response syndrome (SIRS) and MODS. Mortality rate of 

AOC is high if delayed in treatment which make the high mortality in 

nonmalignant diseases of biliary tract. Intervention for drainage of obstructed 

biliary tract is the therapeutic principle. However, there is still a high mortality even 

after the drainage as it already leads to sepsis and MODS in early stage of this 

disease. So, postoperative management is still very vital. 

Liver is the largest and most important defense organ in sepsis. Kupffer cells are 

resident macrophages which reside within the lumen of liver sinusoids. They 

constitute 80-90 percent of the tissue macrophages present in the body(Bilzer et al. 

2006). The surface of Kupffer cell has different LPS receptors such as CD14, 

TLRs, CD11a/CD1lb/CD18, CD1lc/CD18, SRA, etc. Kupffer cells get contact with 

LPS of portal vein receiving from gut where they play important role in defense by 

clearing bacterium and endotoxin. On the other hand, they also serve as mediators 

of inflammation, especially on endotoxin hepatic injury via releasing various 

cytokines (IL-6, TNF- α, etc.).(Sato et al. 2014) At present it is reported that 

Kupffer cells not only play important role in occurrence and development of liver 

diseases but also in liver’s ischemia-reperfusion injury.(Suyavaran et al. 2015)  
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SRA, which is first described by Brown and Goldstein in 1970s is a superfamily of 

membrane-bond receptors that were initially thought to bind and internalized 

modified low-density lipoprotein (LDL), though it is currently known to bind to 

variety of ligands including endogenous proteins and pathogens.(Goldstein et al. 

1979) Currently, SRA is classified into 10 eukaryote families, defined as Classes 

A-J.(Zani et al. 2015) SRA is mainly distributed in various kinds of tissue 

macrophages, particularly in hepatic kupffer cells, spleen and lymph node 

macrophages. It is an important defensive receptor in macrophage surface, which 

can combine with bacterial lipopolysachharide (LPS, the important element of 

endotoxin). It plays important roles in defensive reaction which mediates 

macrophages clearing and inactivating endotoxin.  

After establishment of AOC animal model, we assayed plasma endotoxin level in 

various time points. We found the concentration of plasma endotoxin increased 

with prolonged time which indicates the success of establishment of rat model.  

Immunohistochemistry staining shows the expression of SRA gradually decreases 

with experimental time which means, it gradually decreases with increasing LPS. 

In the meantime, the expression of SRA mRNA also progressively decreases with 

the increase of LPS. Furthermore, we demonstrated SRA expression in mRNA was 

in accordance with that in protein. The expression of SRA in mRNA and Protein 

gradually decreases with progressive increasing plasma endotoxin levels. The 

expression of SRA mononuclear macrophages during endotoxemia has been widely 

reported.(Ozment et al. 2012; Zhao et al. 2015)  One recent study suggest that 
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SRA is needed for LPS induced inflammatory responses in macrophages.(Yu et al. 

2012)  SRA is now appreciated to be multifunctional. Gradually, it is realized that 

SRA has contribution in defense mechanism.(Zuo et al. 2013)  

Sepsis or MODS remains one of the major causes of death in AOC.(Huggett et al. 

2014) Binding of LPS to macrophages could induce the release of cytokine and 

inflammatory mediators, leading to organ damage.(Singh et al. 2015) In our study, 

the plasma level of cytokines, TNF-alpha and IL-6 in AOC group significantly 

increased at 6h after operation and progressively increased with increasing level of 

plasma endotoxin. These findings indicate that inflammatory response is 

progressively enhanced in the liver tissue in AOC, which had positive relation with 

plasma endotoxin.  

In this study, correlation analysis showed that changes in the levels of TNF-alpha 

and IL-6 in plasma were negatively correlated with the expression of SRA mRNA 

and protein. Meanwhile, in one previous study, blocking expression of SRA on 

kupffer cells could promote cytokine production. It is already reported that 

TNF-alpha and IL-6 has been related with endotoxin mediating inflammation and 

liver injury.(Zhang et al. 2015; Zhou et al. 2015) The reduced SRA expression leads 

to decrease on clearing and inactivating endotoxin, while endotoxin activates more 

Kupffer cells.(Xie et al. 2001; Jiang et al. 2003) Therefore, with participation of 

CD14 (another important receptor in surface of Kupffer cells, which is concerned 

with activation of Kupffer cells), Kupffer cells turn into effector cells. The release 

of TNF- α and IL-6 are increased, which result in more down-regulation of SRA 
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expression and up-regulation of CD14 expression. 

The LPS-induced hepatic injury gradually aggravated with prolonged experimental 

time in AOC group. On Light microscope, the liver tissue showed different injuries 

characterized by infiltration of inflammatory cells, hepatocyte denaturation and 

necrosis. The degree of hepatic injury were related to endotoxin and correlated 

negatively with SRA. Beside the surgical interventions, we can add one new 

method in the management of AOC by controlling the function of Kupffer cells, 

especially controlling the expression of SRA. 

Conclusion 

In rat AOC model the expression of SRA from liver Kupffer cells decreased 

gradually with increasing plasma endotoxin, TNF-α and IL-6 leading to progressive 

liver injury of hepatocyte necrosis. 
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Figure 1-1 The comparison of plasma endotoxin concentration in various time 

points. Compared with Bile Duct Ligation (BDL) and Sham Operation (SO) 

groups, * P<0.01; Compared with same group, # P<0.01. 
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Figure 2-1 The comparison of plasma TNF-α concentration in various time points. 

Compared with Bile Duct Ligation (BDL) and Sham Operation (SO) groups, * 

P<0.01; Compared with same group, # P<0.01. 
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Fig 2-2 The comparison of plasma IL-6 concentration in various time points. 

Compared with Bile Duct Ligation (BDL) and Sham Group (SO) groups, * P<0.01; 

Compared with same group, # P<0.01. 
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Figure 3-1  The comparison of Scavenger Receptor A (SRA) expression in 

various time points（ IHC）  mcp/HP. Compared among Acute Obstructive 

Cholangitis (AOC) group, Bile Duct Ligation (BDL) group and Sham Operation 

(SO) groups, * P<0.01, △ P<0.05; Compared with same group, # P<0.01. 
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Figure 3-2 Kupffer cells’ SRA expression in Acute Obstructive Cholangitis (AOC) 

groups at 0 hours (SP × 400). The brown positive products of SRA expression are 

mainly located on the surface of Kupffer cells and diffusely distributed in liver 

tissue. 

Figure 3-3 to Figure 3-6 Kupffer Cells’ SRA expression in liver tissue in Acute 

Obstructive Cholangitis (AOC) group at 3，6，12，24 hours (SP × 400). SRA 

expression products reduce with prolonged experimental time. 
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Figure 4-1  Relative expression of Scavenger Receptor A (SRA) mRNA in liver 

tissue in various time points (IODSR-A/IODβ-action ) Compared among Acute 

Obstructive Cholangitis (AOC) group, Bile Duct Ligation (BDL) group and Sham 

Operation (SO) group, * P<0.01, △ P<0.05; Compared with same group, # P<0.01, 

▽ P<0.05. 
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Figure 4-2 Relative expression of SRA mRNA in various time points by RT-PCR. 

SRA mRNA expression in Acute Obstructive Cholangitis (AOC) group 

progressively decrease with prolonged experimental time. 

M: marker；A, B, S: AOC, BDL, Sham Operation (SO) group, subsequent number 

stand for time point. 
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Figure 5-1~5-4  Liver tissue in Acute Obstructive Cholangitis (AOC) group at 

3,6,12 and24 hours(HE × 400) 

Many inflammatory infiltration mainly consisting of neutrophil and expansion of 

central veins are found at 3h. Focal inflammation are found in liver parenchyma at 

6h. Obvious expansion of portal area, massive mixing inflammatory cells 

infiltration are found at 12h. Large-area hepatocyte degeneration and necrosis are 

found at 24h. 

Figure 5-5 Liver tissue in Bile Duct Ligation (BDL) group (HE × 400), Manipulus 

Inflammatory cells infiltration are found in portal area.  

Figure 5-6 Liver tissue in Sham Operation (SO) group (HE × 400), No obvious 

histopathological changes are found in liver tissue. 
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SUMMARY OF THESIS 

 

Cholangitis is the inflammation of biliary ducts which usually begins extra-hepatic 

and easily spreads intra-hepatic, causing bacteremia. Acute obstruction of biliary 

tract with the presence of pus is severe form of cholangitis know as Acute 

Obstructive Suppurative Cholangitis (AOSC) which has very high mortality. It is 

experienced that the Charcot’s triad and Reynold pentad are difficult to use in 

clinical practice for the management of cholangitis. 

From our study, the expression of HMGB1 mRNA and HMGB1 Proteins are found 

higher in AOSC patients and it gradually decreased to normal level after the 

treatment of the disease suggesting HMGB1 as novel biomarker for AOSC. Also, 

the mechanism of HMGB1 with the patients of AOSC remain unclear and some 

work remain to be done to control AOSC-induced sepsis through anti-HMGB1 

therapy and this needs to be further researched. 

In rat AOC model, the expression of SRA from liver Kupffer cells decreased 

gradually with increasing plasma endotoxin leading to progressive liver injury of 

hepatocyte necrosis suggesting the importance of SRA in the defense mechanism 

during AOC. 

Hence, we suggest High-mobility group box 1 and scavenger receptor A can be 

novel applications in the management of patients with cholangitis. 
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