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Background: High-mobility group box 1 (HMGB1) is a proinflammatory cytokine that plays 

an active role during the pathogenesis of inflammatory processes. The primary aim of this study 

was to detect whether HMGB1 is involved in the pathogenesis of acute obstructive suppurative 

cholangitis (AOSC).

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

volunteers who served as normal controls. All participants were tested for HMGB1 mRNA 

level, HMGB1 protein, tumor necrosis factor alpha (TNF-alpha), and interleukin 10 (IL-10). 

HMGB1 mRNA levels were tested using real-time polymerase chain reaction. HMGB1 protein 

expression was measured using Western blot. TNF-alpha and IL-10 were tested using enzyme-

linked immunosorbent assay.

Results: The expression of HMGB1 mRNA and HMGB1 protein was higher in the AOSC 

group than in the normal controls (P,0.01), and the levels gradually decreased to normal after 

treatment of the disease (P,0.01). The content of TNF-alpha and IL-10 in peripheral blood of 

patients with AOSC was significantly higher than that of normal controls (P,0.01) but decreased 

to normal levels after the necessary treatment (P,0.01).

Conclusion: The levels of HMGB1 mRNA and HMGB1 protein were elevated in patients 

with AOSC, which may play an important role in the inflammation of the bile duct and appears 

to be associated with the development of sepsis. This suggests the importance of monitoring 

HMGB1 levels in the management of AOSC-induced sepsis.
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Introduction 
High-mobility group box 1 (HMGB1) is a chromatin-binding protein that is normally 

located predominantly inside the nucleus of cells. It is primarily responsible for 

transcription and growth factors. Recent studies identified HMGB1 as a mediator 

of inflammation when it is released into the extracellular environment, and it has 

been demonstrated to be a key factor for the development of acute inflammation. In 

response to infection, HMGB1 acts as an important proinflammatory cytokine that 

may lead to damage of cells and tissues. This process may progress to metabolic 

acidosis, multiorgan dysfunction syndrome, and sepsis. It is universally accepted 

that sepsis, which is fatal, is mediated by inflammatory mediators such as tumor 

necrosis factor alpha (TNF-alpha), interleukin 10 (IL-10), HMGB1, and so forth. 

All these factors have important actions in the startup, maintenance, and resolution 

of inflammation. TNF-alpha and IL-10 are early inflammatory factors that occur 

in the early phase of inflammation, during the onset of sepsis, and even a minimal 
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delay in the therapeutic method directed against the early 

inflammatory factors make the management of this disease 

difficult for clinicians. Serum HMGB1 was significantly 

elevated from 8 to 72 hours after endotoxin exposure, in 

comparison with early inflammatory mediators TNF-alpha 

and interleukin.1,2 Treatment with 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 patient 

survival.4 Thus, targeting HMGB1 in the treatment of sepsis 

has a wider role than targeting early inflammatory cytokines 

such as TNF-alpha and IL-10 in the management of sepsis, 

and recent studies have reported several agents that target 

HMGB1 for the treatment of sepsis.5,6

Cholangitis is the inflammation of biliary ducts, which 

usually begins extrahepatically and easily spreads intrahe-

patically, causing bacteremia. It was first described as fever, 

abdominal pain, and jaundice by Charcot in 1877 and was 

known as the “Charcot Triad.” Later, in 1959, Reynolds  

added mental confusion and septic shock to the description, 

and it became known as “Reynolds Pentad.” The obstruction 

of biliary ducts and the presence of superposing bacterial 

infection are common features in cholangitis. Obstruc-

tion of the biliary tract is primarily caused by choledo-

cholithiasis. Moreover, malignancy, benign strictures, and 

interventions to the biliary duct may also be the cause of 

biliary  obstruction. Acute obstruction of the biliary tract 

with the presence of pus is a severe form of cholangitis 

known as acute obstructive suppurative cholangitis (AOSC), 

which has very high mortality if the drainage is delayed. 

Charcot’s Triad and Reynold’s Pentad are difficult to use 

in clinical practice for the management of cholangitis. The 

recently released “TG13: Updated Tokyo Guidelines for 

the management of acute cholangitis and cholecystitis,” 

published in 2013, have not been evaluated or revised.7 In 

our previous study, we found that nuclear factor kB, a very 

early mediator of inflammation, was markedly increased in 

patients with severe acute cholangitis and that the degree 

of nuclear factor kB correlates with the degree of severity 

of the  cholangitis.8 The degree of nuclear factor kB also 

correlates to clinical outcome. In another study of patients 

with cholangitis, we observed that TREM-1, which is also an 

early inflammatory cytokine, provided a useful early indica-

tor for sepsis.9 However, little to no research exits regarding 

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 found that HMGB1 represents a potentially 

valuable marker for the diagnosis of acute appendicitis.13 

However, the correlation between HMGB1 and AOSC 

pathogenesis is not yet fully understood. Our objective in 

the current study was to determine the role of HMGB1 in 

the inflammatory process of AOSC.

Materials and methods
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. A total 

of 23 AOSC-induced patients with sepsis admitted to the 

Department of Hepatobiliary Surgery, the Second Affiliated 

Hospital of Chongqing Medical University, People’s Republic 

of China, between November 2010 and June 2011 were ran-

domly enrolled in the 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, People’s Republic 

of China, to be used as a control group. Written consent was 

obtained from all volunteers. All AOSC-induced patients with 

sepsis and controls were between the ages of 18 and 80 years 

and were ethnically similar (Han Chinese). The selection 

of AOSC-induced patients with sepsis was based on diag-

nostic criteria and severity assessment of acute cholangitis, 

using the Tokyo Guidelines14 and International Sepsis 

Definitions Conference 2003.15 The patients involved in this 

study underwent biliary drainage via endoscopic retrograde 

cholangiopancreatography, or percutaneous transhepatic 

catheter drainage, or endoscopic ultrasound guided drainage, 

or open surgical drainage.

Peripheral blood samples of each AOSC-induced patient 

with sepsis were obtained predrainage, 12 hours postdrain-

age, and 24 hours postdrainage. In addition, peripheral blood 

samples from the individuals in the control group were 

obtained after overnight fasting.

Each sample was collected in 5 mL tubes, one with and 

one without heparin. The peripheral blood mononuclear cells 

(PBMCs) were immediately separated from the samples 

with heparin, using a lymphocyte separating medium and 

a density gradient centrifuge. After the blood clotted in the 

tube without heparin, the serum was separated and taken out 

of the tube and then stored at −70°C.

mRna measurement using real-time 
polymerase chain reaction
PBMCs were isolated from the blood samples using a lym-

phocyte separation medium (Bosoter, People’s Republic 
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of China), a Ficoll density gradient isolating lymphocytes 

by centrifuging. The single-step technique of acid guani-

dinium thiocyanate chloroform extraction was used for 

total RNA extraction according to the instructions provided 

by the manufacturer. We determined the concentration of 

purified total RNA spectrophotometrically at a wavelength 

of 280 nm. The HMGB1 mRNA and β-actin levels in blood 

samples were quantified in duplicate, using real-time poly-

merase chain reaction. We removed any potential DNA 

contamination using DNase I. We used 1 µg total RNA from 

each sample for reverse transcription with an oligo (dT) and 

Super Script II reverse transcriptase to generate first-strand 

cDNA. Thermal cycling conditions were as follows: 2 min-

utes at 94°C, followed by 35 cycles at 94°C for 30 seconds 

and at 60°C for 3 minutes on a Sequence Detection System 

(Applied Biosystems, Foster City, CA, USA). The expres-

sion was normalized to β-actin mRNA content. Sequences 

of the human primers for polymerase chain reaction were as 

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 (255 bp): 5′-CAA AGA CCT 

GTA CGC CAA CA-3′ (sense), 5′-GAA GCA TTT GCG 

GTG GAC-3′ (antisense).

hMgB1 protein measurement  
using Western blot analysis
PBMCs were isolated from the blood samples as previously 

described. The difference between HMGB1 protein expres-

sion levels was analyzed using a Western blot. Protein was 

extracted from PBMCs by homogenizing samples in a cell 

lysis buffer. Proteins were quantified using a Nanodrop 1000 

(Thermo Scientific, Wilmington, DE, USA). Equal amounts 

of protein were loaded in each well for electrophoresis 

in 10% sodium dodecyl sulfate-polyacrylamide gels and 

then transferred to polyvinylidene fluoride micropoporous 

membranes (Millipore Corporation, Billerica, MA). The 

membrane containing the transferred proteins was blocked 

with 5% bovine serum albumin and then incubated with rabbit 

anti-HMGB1 polyclonal antibody (1:250; BD Pharmingen, 

San Diego CA), followed by an incubation with horserad-

ish peroxidase-linked secondary antibody (1:1,000; Golden 

Bridge, Beijing, People’s Republic of China). For standardiza-

tion and comparison, the membranes were also hybridized to 

a primary anti β-actin antibody (1:1,000; Santa Cruz Tech-

nology, Santa Cruz, CA, USA) or antihistine H 3.1 antibody 

(1:1,000; SAB, Pearland, TX, USA). The bands appearing 

on film were analyzed with Gene Tools software (Syngene, 

Frederick, MD, USA).

enzyme-linked immunosorbent assay
The concentration of TNF-alpha and IL-10 in the serum was 

detected using commercially available enzyme-linked immu-

nosorbent assay (ELISA) kits (R and D Systems, Minneapolis, 

MN, USA), following the manufacturer’s instructions.

These three statistical analyses were completed using 

SPSS19.0 software for Windows (SPSS, Chicago, IL, USA). 

Data are presented as the mean ± SEM unless otherwise 

 indicated. A Kruskal-Wallis analysis was performed to ascertain 

that there is an overall difference, and a Mann-Whitney U test 

was used to test differences between the groups. P values ,0.05 

were considered statically significant. P values ,0.01 were 

considered notably statistically significant.

Results
association of hMgB1 mRna 
expression in PBMcs of aOsc patients
Total RNA was extracted from PBMCs, and the HMGB1 

mRNA was amplified via real-time polymerase chain reac-

tion to detect the expression of HMGB1 mRNA in PBMCs 

of patients with AOSC (Figure 1). As shown in Figure 3, the 

level of HMGB1 mRNA in PBMCs was 0.82±0.04 in patients 

HMGBI

β-actin
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Figure 1 expression of high-mobility group box 1 mRna in peripheral blood mono-
nuclear cells by real-time polymerase chain reaction analysis.
Notes: Total Rna was 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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with AOSC, which was significantly higher (62%) than that 

of healthy donors (0.31±0.06; P,0.01). 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 and 24 hours postdrainage, 

respectively. The 12-hour postdrainage level of HMGB1 mRNA 

was decreased by 32% relative to the predrainage level.

association of hMgB1 protein  
in PBMcs of patients with aOsc
The HMGB1 protein levels in PBMCs of both groups, the 

patients with AOSC, and the healthy donors were tested using 

a Western blot analysis (Figure 2). As shown in Figure 3, 

we found that the level of the HMGB1 protein in patients 

with AOSC was 0.81±0.03, which was significant and 57% 

higher than that of 0.35±0.05 (P,0.01) seen in healthy 

donors. The level of HMGB1 proteins gradually decreased 

to 0.56±0.05 and 0.42±0.07 (P,0.01) after 12 and 24 hours 

postdrainage, respectively. The 12-hour postdrainage level 

of HMGB1 protein decreased by 37% compared with the 

predrainage level.

association of TnF-alpha and Il-10 
expression in the serum of patients with 
aOsc
The level of TN-alpha and IL-10 proteins in the serum of 

each sample from patients with AOSC and healthy donors 

was determined using commercially available ELISA kits. 

We found that TNF-alpha and IL-10 were significantly higher 

in the patients than in healthy donors and that they gradu-

ally decreased after biliary passage drainage (Figure 4). The 

average predrainage value of TNF-alpha was 469±35 pg/mL, 

which decreased to 243±26 pg/mL and 132±47 pg/mL after 

12 and 24 hours postdrainage, respectively; it was 102±16 

pg/mL in the healthy controls. In the same regard, the average 

predrainage value of IL-10 was 33.369±6.443 pg/mL, which 

decreased to 20.562±5.630 pg/mL and 13.742±3.374 pg/

mL after 12 and 24 hours postdrainage, respectively; it was 

11.490±1.088 pg/mL in healthy controls (Figure 5).

Discussion
Acute cholangitis is a systemic infectious disease character-

ized by acute inflammation and biliary tract infection. Acute 

cholangitis occurs as a result of bacterial colonization within 

the biliary tract, which increases the internal pressure of the 

biliary tract and causes a backflow of bacteria and endo-

toxins within the circulatory system.16,17 AOSC is a severe 

form of cholangitis in which pus collects in the biliary tract. 

Drainage of the biliary tract should be performed as soon as 

possible in patients with AOSC; otherwise, translocation of 

HMGBI

β-actin

1 2 3 4

43 kD

26 kD

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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mobility group box 1 protein expression among patients with acute obstructive 
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bacteria into the bloodstream results in septicemia, an often 

fatal  complication of acute cholangitis that induces severe 

organ damage and high mortality. There was no appropri-

ate guideline for the diagnosis and management of acute 

cholangitis before the 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 physicians to use in diag-

nostic and management strategies in clinical settings. The 

newly published TG13 is considered to have better diagnostic 

and management  capacity. However, TG13 lacks sufficient 

feedback and  revisions. Within 1 year, several studies found 

that the diagnostic criteria of TG13 fail to identify severe 

cases of cholangitis that require emergency biliary drain-

age.18 Hence, the management strategy of TG13 may not be 

especially specific to AOSC, which is a severe form of cho-

langitis in which emergency biliary drainage is a necessity. 

Further study of the diagnosis and management of AOSC is 

necessary. A marker to be used to diagnose AOSC-induced 

cholangitis would present a helpful step in the management 

of AOSC. Recently, several studies have found that HMGB1 

is an important agent for the diagnosis and management 

of sepsis. The present study focused on the correlation of 

HMGB1 with cholangitis in patients with AOSC.

Many clinical and experimental studies have described 

the release of HMGB1 during inflammation.13,19 It has been 

shown that HMGB1 is a mediator of inflammation when 

it is released extracellularly. The extracellular release of 

HMGB1 may occur either through active release by immune 

cells or passive secretion after cell death. Inside the nucleus, 

HMGB1 functions as a protein for binding chromatin and 

helps in the transcription process of genes.20 Extracellular 

release of HMGB1 is a result of translocation of HMGB1 

from the nucleus to the cytoplasm, which involves acetyla-

tion,21 phosphorylation,22 and methylation.23 Extracellular 

HMGB1 then exerts biological expression via its recep-

tors. HMGB1 signaling is mediated by several receptors, 

including Receptor for Advanced Glycation Endproduct and 

Toll-like receptors.24,25 During infection, endotoxins are pro-

duced by bacteria that activate monocytes and macrophages 

such as TNF-alpha, IL-10, and so on. These cytokines 

promote HMGB1 translocation from the nucleus into the 

cytoplasm and further enter into transcription processes 

by themselves.5,26,27 These produced HMGB1 proteins, act 

as cytokines, which further induce the stimulation of other 

inflammatory agents, resulting in a worsening in the severity 

of inflammation.

Our study demonstrated that the expression levels of 

TNF-alpha, IL-10, and HMGB1 were significantly higher in 

patients with AOSC than in normal controls. After drainage, 

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

with AOSC decreased as infection gradually decreased, 

indicating that with the exacerbation of AOSC, HMGB1 is 

positively correlated with the disease. Increased expression 

of TNF-alpha and IL-10 has also been observed in noninflam-

matory diseases, whereas increased expression of HMGB1 

is specifically observed in the PBMCs and serum in patients 

with sepsis. 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 has been reported 

that the level of HMGB1 expression is significantly higher 

in deceased patients than in survivors.28 HMGB1 has been 

studied for more than 4 decades, and in recent years, it has 

gained attention as a potential marker of sepsis. Our previous 

study demonstrated that HMGB1 expression may represent 

a novel marker for the diagnosis of acute appendicitis and 

also aids physicians in deciding the severity of the disease.13 

Because TNF-alpha and IL-10 are early markers of inflamma-

tion, whereas expression of HMGB1 is found in late stages 

of sepsis, HMGB1’s significance in patients with sepsis can 

be higher than early inflammatory factors such as TNF-alpha 

and IL-10. At this time, several animal and clinical studies 

have also demonstrated a protective effect of anti-HMGB1 

agents on sepsis. It should be noted that if sepsis is a result 

of HMGB1, there will be an adequate time interval to detect 

it and administer anti-HMGB1 for the therapeutic manage-

ment of sepsis.

In patients with AOSC-induced sepsis, bacteria can 

 easily enter the circulatory system because there is increased 

0

5

10

15

20

25

30

35

40

45

Pre-drainage 12h post-drainage 24h post-drainage Control

,•
C

o
n

ce
n

tr
at

io
n

s 
o

f 
IL

-1
0 

(p
g

/m
L

)
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Notes: Tumor necrosis factor alpha was quantitated using elIsa kit. Data are 
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 intraductal pressure caused by blockage of the biliary tract. 

These bacteria produce endotoxins and proinflammatory 

agents. The produced proinflammatory agents activate mono-

cytes and macrophages, which cause the release of HMGB1 

in the extracellular environment. The released HMGB1 acts as 

a proinflammatory factor that worsens the inflammation and 

affects distal organs.26,27 From this point of view, the increased 

level of HMGB1 could be directly correlated with the severity 

of ASOC-induced sepsis and, hence, can be useful as a diag-

nostic marker in patients with AOSC. In addition, controlling 

the expression of HMGB1 with an anti-HMGB1 agent may 

improve the efficacy of AOSC therapy by managing systemic 

inflammation and reducing organ injury by sepsis. However, 

there is a lack of clinical evidence of suppressing increased 

expression of HMGB1 in patients with sepsis, which requires 

further clarification by clinical trials results.

Conclusion
Our study demonstrated the increased expression of HMGB1 

in peripheral blood mononuclear cells of AOSC-induced 

patients with sepsis, which may play an important role for 

the progression of sepsis with the patients with AOSC. The 

sample size of our study is small, and we did not include 

inflammation caused by other disorders that represent 

important parameters that affect sensitivity and specific-

ity of HMBG1 in patients with AOSC. The mechanism 

of HMGB1 in patients with AOSC remains unclear and 

requires further study. This result is not designed to control 

AOSC-induced sepsis through anti-HMGB1 therapy, and 

this needs to be further researched. Although we have yet 

to complete further research to demonstrate the sensitivity 

and specificity of HMGB1 in the diagnosis and therapy 

for patients with AOSC, combined with other diagnostic 

markers, HMGB1 could provide a useful biomarker for 

AOSC-induced sepsis.
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