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Abstract

Background: Acute cholecystitis is defined as gallbladder inflammation caused by obstruction of the cystic
duct. The pro-inflammatory cytokine, high mobility group box-1 (HMGBL), has been found to hold critical
roles in the pathogenesis of several different inflammatory diseases. This study aimed to determine the
relationship between HMGBL1 and acute cholecystitis, and examine the potential for this cytokine as a
biomarker for clinical diagnosis.

Methods: The serum of 23 patients with severe acute cholecystitis, 45 patients with mild acute cholecystitis and
35 healthy subjects was collected and isolated from peripheral blood. The serum levels of HMGB1, CRP,
amylase, lipase and the number of white blood cells were measured prior to the patient’s cholecystectomy and
48 hours following the procedure.

Results: A significant increase in the levels of HMGBL1 were observed in both patient groups with mild or
severe acute cholecystitis compared with normal group. ROC analysis determined a cut-off point of 2.34 for
HMGB1 serum levels to discriminate between the normal group and acute cholecystitis patients with a
sensitivity of 79.41% and a specificity of 54.3%. The area under the ROC curve was 0.71. Furthermore, a
positive correlation was observed between CRP and HMGBL levels and no significant difference in the levels
of amylase and lipase was observed between groups.

Conclusions: These findings suggest a potential role for HMGBL as an effective biomarker in improving the
diagnostic accuracy of acute cholecystitis when used in conjunction with the standard diagnostic tests.
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Introduction

Acute cholecystitis is defined as inflammation of the
gallbladder, resulting from prolonged obstruction of
the cystic duct (1). A range of clinical symptoms
and diagnostic measures are used to determine the
presence of acute cholecystitis in a patient. The
diagnostic criteria include examining for signs of
local inflammation, such as Murphy’s sign, the
presence of a mass, pain or tenderness located in the
upper right quadrant of the abdomen. The local
inflammation is often accompanied by systemic
inflammation, indicated by signs of fever, increased
white blood cell (WBC) counts, and elevated levels
of C-reactive protein (1, 2). The severity of acute
cholecystitis can range from mild and self-limiting

to severe and potentially life-threatening. Patients
with mild acute cholecystitis have no signs of organ
dysfunction, while patients with severe acute
cholecystitis do develop organ dysfunction (2). Over
90% of acute cholecystitis patients have developed
gallstones (calculous cholecystitis), although a small
portion of cases do not have gallstones (acalculous
cholecystitis) (3, 4). The use of specific diagnostic
criteria, such as the aforementioned signs of local
and systemic inflammation and the use of several
imaging techniques (Ultrasonography, Magnetic
resonance imaging (MRI), Computed tomography
(CT) etc.) are necessary to accurately diagnose both
the typical and atypical cases of acute cholecystitis
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(2). In the small fraction of cases diagnosed with
acalculous cholecystitis, the prognosis is poor as
mortality rates are as high as 50%. These cases
occur most commonly in patients that are critically
ill or the elderly (3, 4). The main treatment for acute
cholecystitis involves a cholecystectomy. The
misdiagnosis of patients who require a
cholecystectomy can lead to delayed treatment and
increased morbidity (5, 6).

High mobility group box protein 1 (HMGBL1) is
a highly conserved protein, ubiquitously expressed
in the nucleus of all vertebrate cells. The intranuclear
functions of this protein have been well established.
More recently, evidence has shown this protein to
have extracellular  functions involved in
inflammatory responses and is considered a pro-
inflammatory cytokine (7, 8). The extracellular
release of the HMGBL cytokine can occur either
passively or actively. The nuclei of necrotic or
damaged cells can result in the passive release of
extracellular HMGBL1, or activated macrophages,
monocytes, and pituicytes can actively secrete
HMGBL into the extracellular environment (8, 9).
Several studies have demonstrated HMGBL levels
to be increased in immune-mediated diseases and
conditions such as sepsis (10, 11), lung
inflammation (12), acute appendicitis (13, 14) and
rheumatoid arthritis (15, 16).

Lipoprotein lipase is a hydrolytic enzyme
protein which is produced through a vast number
of tissues and has a vital role in certain metabolic
diseases (17). Amylase is an enzyme in blood and
urine that generates from pancreatic and salivary
tissues and is a reliable test for many pancreatic
diseases (18). A study has shown that the level of
lipase is related to the inflammation and there is a
strong relationship between lipase concentration
and pro-inflammatory cytokines (19). Also
researchers have recommended lipase and
amylase for diagnosis of acute appendicitis (20).

Research regarding the significance of
HMGBL in the pathogenesis and diagnosis of
acute cholecystitis is scarce. Thus, we aimed to
determine the serum levels of HMGBL1 in patients
with mild and severe acute cholecystitis before
and after undergoing a cholecystectomy. To
decrease mortality and morbidity associated with
acute cholecystitis, the use of HMGB1 as a
biomarker may serve as a useful addition to other

laboratory tests in increasing the accuracy of
diagnosing acute cholecystitis.

Materials and methods

Patients and samples

All experimental protocols conducted in this study
were approved by the ethics committee of Arak
University of Medical Sciences. Written consent
was obtained from all volunteers. The study
included three groups: 23 patients with severe
acute cholecystitis, 45 patients with mild acute
cholecystitis and 35 normal subjects as the control
group. Participants were recruited from March to
October of 2016 in Vali-Asr and Amir-
Almomenin hospitals. The demographic data and
characteristics of the patient and normal groups
are described in Table 1. The selection of
cholecystitis patients was based on having pain in
the epigastric area or in the right upper quadrant,
and ultrasonography findings using the Tokyo
Guidelines (2). The patients involved in this study
underwent cholecystectomy. Peripheral blood
samples of each cholecystitis patient were
collected in 10 mL tubes, one with and without
ethylene diamine tetra acetic acid (EDTA) as
anticoagulant. Blood samples were collected 6
hours before and 48 hours after the patient’s
cholecystectomy. The tube without EDTA
enabled the blood to clot, the serum was
immediately separated and stored at —70°C until
analysis.

Table 1. Demographic and characteristics of the patients and
normal individuals

Severeacute  Mild acute Normal
Typeofgroup  cholecystitis  cholecystitis ~ subjects
(h=23) (h=45) (n=35)

Male/Female 6/17 9/36 827
Agemean+SD  5074+1926  568+1896 556/20

Measurements and assays

The white blood cell (WBC) was counted by a cell
counter (Sysmex KX21, Japan), and serum
amylase and lipase levels were measured using
standard clinical automated analyzer (Selectra XL,
Netherlands), according to the kit’s information
(Parsazmon, Iran), prior to the patients undergoing
the cholecystectomy. The levels of HMGB1 and
CRP were measured before and 48 hours after the
cholecystectomy. The concentration of HMGBL in
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the serum was detected using a commercially
available ELISA kit (Shino-Test, Japan), following
the manufacturer’s instructions.

Statistical analysis

Statistical analysis of the differences between
cholecystitis patients and normal individuals was
performed using the Kruscal-Wallis test and
independent T-tests through SPSS 20 (SPSS
Inc., Chicago, IL). In evaluating the serum of
patients collected before and after the
cholecystectomy, the association of HMGB1 and
CRP levels with other variables (WBC counts,
serum amylase and lipase levels) was analyzed
using Pearson’s correlation coefficient. To
evaluate the possibility of HMGB1 as a
diagnostic biomarker for acute cholecystitis, a
receiver operating characteristic (ROC) curve
was created and the area under the curve (AUC)
was assessed by computing sensitivity and
specificity for the possible cut-off point of
HMGB1. A p value < 0.05 was considered
statistically significant and the data was
presented as mean + standard deviation (SD).

Results

There were no significant differences in the age
and sex ratio between groups (Table 1). The WBC
count was significantly higher in the acute
cholecystitis patients (severe and mild) than in the
normal group (p= 0.0001). Additionally, the WBC
count was significantly higher in the severe acute
cholecystitis patients than the mild acute
cholecystitis group (p= 0.0001, Fig. 1).
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Fig. 1. The white blood cell counts in patients with acute
cholecystitis (severe and mild) and normal individuals.
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The serum concentration of HMGB1 was
significantly higher in the acute cholecystitis
groups (severe and mild) than in the normal
group (p=0.0001). The level of HMGB1 was
significantly higher in the severe acute
cholecystitis group than in the mild acute
cholecystitis and normal groups (p=0.035, Fig.
2). Furthermore, the level of CRP was
significantly higher in the acute cholecystitis
groups than in the normal subjects. There was no
significant difference in the levels of CRP
between the severe and mild acute cholecystitis
groups (Fig. 3). The levels of HMGB1 and CRP
were observed to significantly decrease
following the cholecystectomy (p=0.002 and
p=0.01, respectively: Figs. 2 and 3). The results
show no significant differences in amylase and
lipase levels between groups (Fig. 4).
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Fig. 2. The serum levels of high mobility group box-1
(HMGB1) in severe and mild cholecystitis groups compared
to the normal group before and 48 hours after
cholecystectomy, *p=0.0001.
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Fig. 3. C-reactive protein (CRP) levels in severe and mild
cholecystitis groups compared to the normal group before and
48 hours after cholecystectomy. *p=0.0001.
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Fig. 4. The serum levels of amylase and lipase in severe and
mild cholecystitis groups compared to the normal group before
and 48 hours after cholecystectomy.
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Fig. 5. Receiver operator characteristic (ROC) curves for
HMGB1 in patients with cholecystitis.
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The presence of HMGB1 and CRP in acute
cholecystitis

HMGB1 serum levels were found to be
positively correlated with CRP serum levels
(r=0.63, p=0.001). Additionally, both HMGBI
and CRP were shown to be independent factors
for cholecystitis by multivariate logistic
regression analysis. A positive correlation
between the serum level of HMGB1 and disease
presence was observed. The HMGBL level of
2.34 was determined as the best cut-off value by
ROC analysis (sensitivity 79.4%, specificity
54.3%, and the area under the ROC curve 0.71,
Fig. 5). Furthermore, the ROC analysis indicated
an optimal cut-off value of 6.3 for CRP serum

levels to discriminate  between normal
individuals and acute cholecystitis patients.

Discussion
Inflammation is a key component of acute
cholecystitis as this condition is defined by
gallbladder inflammation and is often accompanied
with symptoms of systemic inflammation (21).
The inflammatory cytokine, HMGBL1 has been
known to hold critical roles in pro-inflammatory
reactions (8). Abnormally elevated levels of
HMGB1 have been shown to exist among patients
with several different inflammatory disorders
sepsis (10, 11), lung inflammation (12), acute
appendicitis (13, 14) and rheumatoid arthritis (15,
16). This association indicates a role for this protein
in the pathogenesis of many diseases, and
potentially other inflammatory conditions such as
acute cholecystitis. A study by van Zoelen et al. has
shown that the levels of HMGBL1 are elevated in
sepsis patients (10). In a study examining
rheumatoid arthritis patients, researchers showed
that the serum level of HMGB1 was elevated in
patients compared with normal group (16).
Furthermore, two separate studies have shown that
patients with appendicitis have increased serum
levels of HMGBL1 (13, 14). Given this evidence for
HMGBL in inflammatory disorders and the limited
information regarding the role of HMGBL1 in the
pathogenesis of acute cholecystitis, we aimed to
determine the status of HMGB1 serum levels in
patients with mild and severe acute cholecystitis.
Our study showed that the serum levels of
HMGBL in patients with mild and severe acute
cholecystitis is significantly higher than in normal
group. This data suggests HMGB1 may play a
critical role in the pathogenesis of acute
cholecystitis. ~ Furthermore, no  statistically
significant differences were found between the
HMGB1 serum levels of the two patient groups
before or 48 hours after the cholecystectomy. The
main finding of the present study was that HMGB1
levels may act as an effective biomarker for the
prediction of acute cholecystitis complementary to
other diagnostic tests, but this protein cannot
discriminate the disease severity between before
and after the cholecystectomy. In order to measure
the ability of HMGBL to act as a biomarker, we
calculated the area under the ROC curve and
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assigned a cut-off value of 2.834 for HMGBL in
patients. This indicates that HMGB1 as a
diagnostic biomarker would have a sensitivity of
79.41% and a specificity of 54.29%.

The current study supports results from
previous research investigating predictors of
acute cholecystitis. C-reactive protein, as an
acute phase reactant, has been proven to be a
suitable  diagnostic  biomarker  for acute
cholecystitis. As a biomarker, CRP can reflect
the level of inflammation occurring within the
individual (2, 22). In addition to these reports, we
have also shown that the serum level of CRP in
patients with mild and severe acute cholecystitis
is higher than in normal subjects. Additionally,
the concentration of CRP present within the
serum of the patients was decreased 48 hours
following the cholecystectomy as compared with
the levels prior to the procedure. Using the ROC
curve analyses, we examined the ability of CRP
to act as a biomarker. Our findings strongly
support a function for CRP in diagnosing the
presence of acute cholecystitis.

As previously mentioned, an elevated WBC
count is indicative of inflammation and is a
diagnostic indicator of acute cholecystitis (2).
According to our results, the WBC count in
patients with severe acute cholecystitis was
significantly higher than in patients with mild
acute cholecystitis (p value = 0.000). Therefore,
our findings suggest that WBC count may directly
be related to the severity of the disease. Contrary
to the other results about the diagnostic role of
amylase and lipase in acute appendicitis (20), we
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