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Serum level of visfatin can reflect the severity of
inflammation in patients with acute cholecystitis
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Purpose: Visfatin is a key cytokine released from the peripheral blood mononuclear cells (PBMCs) as well as adipose
tissue, and it is involved in immune response as well as inflammation. In this study, we investigated whether the serum
visfatin level could be a prognostic factor for predicting the severity of inflammation in patients with acute cholecystitis.
Methods: We examined the blood samples and gallbladder specimens from patients who underwent laparoscopic
cholecystectomy for either acute (n = 18] or chronic cholecystitis (n = 18). We determined the visfatin levels of these
samples using various procedures such as real-time polymerase chain reaction, enzyme-linked immunosorbent assay,
western blotting, and immunohistochemistry.

Results: The patients with acute cholecystitis exhibited higher mRNA expression of visfatin in PBMCs, higher serum
levels of visfatin, and increased protein expression of visfatin in the gallbladder specimens than in patients with chronic
cholecystitis. In the in vitro model of acute cholecystitis, the mRNA expression of visfatin showed the fastest increase
among the other pro-inflammatory mediators studied, including interleukin (IL]-10, tumor necrosis factor-a, IL-6,
intracellular adhesion molecule-1, and ascular cell adhesion molecule-1. Inhibition of visfatin using siRNA abrogated the
inhibitory effects of lipopolysaccharide (LPS) on the expression of ABCG1 in GBECs, suggesting that visfatin is significantly
involved in the LPS-driven suppression of ABCG1.

Conclusion: Taken together, we concluded that visfatin is a pro-inflammatory mediators that is upregulated during acute
cholecystitis and is expected to be increased within a short time after inflammation. Therefore, measuring the serum level

of visfatin would be helpful in predicting the inflammatory severity in the patients with acute cholecystitis.

[Ann Surg Treat Res 2020;99(1):26-36]
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INTRODUCTION

Acute cholecystitis is an acute inflammation of the
gallbladder caused by the occlusion of the cystic duct, mainly
in gallstone patients. Acute cholecystitis is a common clinical

situation, accounting for up to 5% of emergency room visits and
9% of hospital admissions [1]. Acute cholecystitis is the most
common complication of gallstones and has been reported
to occur in 6%-11% of patients with symptomatic gallstones
after 7 to 11 years [2]. It is also the second most common
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cause of complicated intraperitoneal infections [3]. Thus, acute
cholecystitis is a disease that, when not treated, can spread
to systemic inflammation and lead to sepsis, organ failure,
and even death. In patients diagnosed with the same acute
cholecystitis, the severity varies considerably, from simple
inflammation of the gallbladder wall, to complications confined
to the nearby area, and to accompanying multiple organ
failure. In some cases, acute cholecystitis can easily progress to
complicated cholecystitis that undergoes secondary changes,
such as hemorrhage, gangrenous formation, and perforation
within a short time. However, at present, it is difficult to predict
whether the patients with acute cholecystitis have complicated
or uncomplicated course. Therefore, it is crucial to devise
methods to predict the progression of acute cholecystitis in the
patients.

Xie et al. [4] reported that elevated plasma visfatin
levels correlate with the conversion rate of laparoscopic
cholecystectomy to open surgery in acute cholecystitis. Visfatin,
which has been known as a pre-B cell colony-enhancing factor,
was first isolated from visceral fat tissue by Fukuhara et al.
[5]. Further studies revealed that visfatin is released from not
only visceral fat but also from subcutaneous fat in humans
[6]. Collectively, visfatin is released by peripheral blood cells,
such as B cells, T cells, macrophages, and neutrophils, as well
as fat tissues throughout the body [7.8]. Although its role has
not been completely determined, several studies support that
visfatin has glucose-lowering effects similar to insulin and it
is essentially involved in immune response and inflammation
[9-11]. Visfatin is synthesized by the interaction of several
cytokines, such as interleukin (IL)-1B, tumor necrosis factor-o
(TNF-a), and IL-6, and is also upregulated by lipopolysaccharide
(LPS) and dexamethasone [12,13]. Expression of visfatin is
elevated in numerous inflammatory diseases, including
rheumatoid arthritis, inflammatory bowel disease, psoriasis,
acute lung injury, and sepsis in which visfatin sustains the
inflammation by inhibiting neutrophil apoptosis [10,12,14-16].
In response to an inflammatory reaction, visfatin is elevated in
the lymphocytes and promotes proliferation of lymphocytes [17].
In this study, we investigated the significance of visfatin in the
progression of acute cholecystitis by evaluating the changes in
the visfatin levels compared to those of various inflammatory
mediators during acute cholecystitis.

METHODS

Separation of peripheral blood mononuclear cells
Acute and chronic cholecystites were defined by a histological

finding of an acute and chronic inflammatory infiltrates on
examination of the gallbladder wall, respectively. When there
was a concurrent acute and chronic inflammatory infiltrate,
this was also included in the acute cholecystitis. We collected

gallbladder specimens and blood samples from patients
who underwent laparoscopic cholecystectomy due to acute
cholecystitis (n = 18) or chronic cholecystitis (n = 18) at
Daejeon St. Mary's hospital, the Catholic University of Korea.
This research was approved by Institutional Review Board (IRB
number: 2014-0319-0002) of the Catholic University of Korea.
All patients who participated in the study were informed of the
study and submitted informed consent. The blood samples were
collected in ethylenediaminetetraacetic acid (EDTA) tube and
separated using a centrifuge (Hanil; Combi R515, Gimpo, Korea).
Peripheral blood mononuclear cells (PBMCs) are separated from
the whole blood by a density gradient centrifugation method
using Ficoll Hisopague 1077 (Sigma-Aldrich, St. Louis, MO, USA).

In vitro model of acute cholecystitis
Human gallbladders were obtained from patients undergoing

cholecystectomy at the Catholic University of Korea. Isolation
and primary culture of human gallbladder epithelial cells
(GBECs) were followed by the instruction previously described
[18]. Briefly, GBECs were isolated from the gallbladders by trypsin
digestion. Resected gallbladder tissues were immediately
transferred into ice-cold Ca’*-free Hanks solution with 0.5
mM EGTA, cut into 0.5 cm”® in size under sterile condition,
and treated for 45 minutes at room temperature with 0.025%
trypsin in phosphate-buffered saline containing 0.02% EDTA-
2Na. Tissues were agitated by pipetting. The released cells
were collected after centrifugation at 1,200 X g centrifuge for
5 minutes. The released cells were seeded on 35-mm culture
dishes. The cells were maintained in DMEM/F12 (Dulbecco’s
Modified Eagle Medium/Ham's F-12; Thermo, Carlsbad, CA,
USA). The medium was supplemented with 10% fetal bovine
serum (GibcoBRL, Calsbad, CA, USA) and 1% antibiotics (Thermo)
at 37°C. Finally, we generated an in vitro model of acute
cholecystitis by treating human GBECs with 25-ng/mL LPS for 4
hours.

Real-time quantitative PCR
Total cell RNA was extracted using FavorPrep TRI-RNA

reagent (Favorgen, Ping-Tung, Taiwan) according to the
manufacturer’s instructions. Reverse transcription was
performed with 1 ug RNA using ReverTra Ace gPCR RT Master
mix (TOYOBO, Osaka, Japan) according to the manufacturer's
instructions. The primers used for SYBR Green real-time
quantitative (q) polymerase chain reaction (PCR) were as
follows: TNF-q, sense, R: 5-ATGGGCTACAGGCTTGTCACT-3'
and antisense, F: 5-CCCAGGGACCTCTCTCTAATC-3'; IL-10,
sense, R: 5" TCTTGGAGCTTATTAAAGGCATTC3' and antisense,
F: 5-CATCGATTTCTTCCCTGTGAA-3’; intracellular adhesion
molecule-1 (ICAM-1), sense, R: 5“TTATGACTGCGGCTGCTACC3'
and antisense, F: 5-AGCACTCAAGGGGAGGTCAC-3"; and
GAPDH, sense, R: 5"TGGCTCTCGCTGTTGAAGTC-3" and
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antisense, F: 5-ATCATCCCTGCCTCTACTGG-3". The reaction
was performed using an Applied Biosystems 7500 96-Well
Real-Time PCR system (Life Technologies, Carlsbad, CA, USA).
After normalization to the GAPDH gene, the expression levels
for each target gene were calculated using the comparative
threshold cycle method.

Silencing of visfatin genes
Transcription was specifically suppressed by the introduction

of the 21-nucleotide duplex siRNA, which targeted visfatin
mRNA coding sequence. Briefly, GEBP cells were plated in 6-well
plates (2 X 10’ cells/well) and transiently transfected with 100
nM visfatin siRNA (Thermo Fisher Scientific, Waltham, MA,
USA) mixed with the LipofectamineTM RNAiMAX transfection
reagent (Thermo Fisher Scientific) per each well according to
the manufacturer's instructions.

Serology test and ELISA
After centrifugation of blood samples at 2,000 X g for 10

minutes, serum was collected. The concentrations of visfatin
(Biovision, Milpitas, CA, USA), IL-6 (Biolegend, San Diego, CA,
USA), resistin (Biocompare, San Francisco, CA, USA), and ICAM-
1 (Biocompare) were measured by sandwich enzyme-linked
immunosorbent assay (ELISA) according to the manufacturer's
instructions.

Western blot analysis
GBECs and gallbladder specimens were lysed using the

EZRIPA Lysis kit (ATTO Corp., Tokyo, Japan), and quantified by
Bradford reagent (Bio-Rad, Hercules, CA, USA). Proteins were
visualized by western analysis using the following primary
antibodies (1:1000 dilution) at 4°C overnight and then with
Horseradish Peroxidase (HRP)-conjugated secondary antibodies
(1:2000 dilution) for 1 hour at 25°C. The primary antibodies
used in this study include visfatin, F4/80, and B-actin. (from
Cell Signaling Technology, Beverly, MA, USA). Specific immune
complexes were detected using the Western Blotting Plus
Chemiluminescence Reagent (Millipore, Bedford, MA, USA).

Immunohistochemistry
For immunohistochemical (IHC) analysis, formalin-fixed,

paraffin-embedded tissue sections were deparaffinized,
rehydrated in an ethanol series and subjected to epitope
retrieval using standard procedures. Antibodies used herein
include the antibodies against visfatin (Abcam, Cambridge,
England), CD68 (Abcam), ICAM-1 (Abcam), and vascular cell
adhesion molecule-1 (VCAM-1; Santa Cruz Biotechnology, Santa
Cruz, CA). The samples were then examined under a laser-
scanning microscope (Eclipse TE300; Nikon, Tokyo, Japan).

For THC analysis, formalin-fixed, paraffin-embedded tissue
sections were deparaffinized, rehydrated in an ethanol

series. Epitope retrieval was done in ph6.0 citrate buffer in a
microwave for 10 minutes. Primary antibodies used herein
include the antibodies against visfatin (Abcam), CD68 (Abcam),
ICAM-1 (Abcam), and VCAM-1 (Santa Cruz Biotechnology).
Negative control was made by replacing primary antibody by
tris buffer, positive control was made gallbladder cancer tissue,
kidney tissue, and human tonsil tissue. Next, tissue slide was
incubated biotinylated secondary antibody (Vectastatin Elite
ABC HRP kit, Vector Laboratories, Burlingame, CA, USA) at
room temperature. Immunoreactivity was visualized using
Vector imm PACT NovaRED substrate kit (Vector Laboratories).
The samples were then examined under a laser-scanning
microscope (Eclipse TE300, Nikon). The dyeing area was
measured at random. The slides were evaluated 3 times.

Statistical analysis
All data were analyzed with SPSS ver. 11.0 (SPSS Inc., Chicago,

IL, USA), and are presented as mean =+ standard deviation.
Statistical comparison among groups was determined using
Kruskal-Wallis test followed by Dunnett test as the post hoc
analysis. Probability values of P < 0.05 were regarded as
statistically significant.

RESULTS

Comparison of the levels of pro-inflammatory

mediators in the blood samples
In this study, we attempted to find the most sensitive

inflammatory marker that is elevated during acute
cholecystitis. First, we examined the differences between
the mRNA expression levels of pro-inflammatory mediators,
including visfatin, ICAM-1, VCAM-1, and resistin, in the
PBMCs of the patients with chronic and acute cholecystitis
(Fig. 1A). We collected blood from patients planned to
undergo cholecystectomy the day before surgery to measure
these variables. We found that the mRNA levels of these
pro-inflammatory markers were significantly higher in the
PBMCs of patients with acute cholecystitis than in the chronic
cholecystitis patients (P < 0.05). Out of all the markers, resistin
and visfatin showed the higher increase compared to the
expression levels of ICAM-1 and VCAM-1.

We next compared the serum levels of pro-inflammatory
mediators, such as visfatin, IL-6, resistin, and ICAM-1, in the
sera of each patient group (Fig. 1B). It was found that the serum
levels of these markers were significantly higher in acute
cholecystitis patients with in chronic cholecystitis patients (P
< 0.05). In addition, serum levels of visfatin were significantly
higher than those of other pro-inflammatory mediators (P <
0.05).
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Fig. 1. Comparison of the expression levels of pro-inflammatory mediators in the blood samples. (A) Real-time polymerase
chain reaction showing the differences between the mRNA expression levels of pro-inflammatory mediators in the
peripheral blood mononuclear cells (PBMCs) of the patients with chronic and acute cholecystitis. The mRNA levels of the
pro-inflammatory markers were significantly higher in the PBMCs of patients with acute cholecystitis than in the chronic
cholecystitis patients. Out of all the markers, resistin and visfatin showed the higher increase compared to the expression levels
of ICAM-1 and VCAM-1. (B) Enzyme-linked immunosorbent assay results demonstrating the serum levels of pro-inflammatory
mediators. The serum levels of the pro-inflammatory markers were significantly higher in acute cholecystitis patients with in
chronic cholecystitis patients. Serum levels of visfatin were significantly higher than those of other pro-inflammatory mediators
(P < 0.05). Values are presented as mean =+ standard deviation of 3 independent experiments. ICAM-1, intracellular adhesion
molecule-1; VCAM-1, vascular cell adhesion molecule-1; IL, interleukin. *P < 0.05.

Comparison of pro-inflammatory markers

expressed in the gallbladder specimens
Next, we compared the expression of pro-inflammatory

proteins (visfatin and F4/80) in the gallbladder specimens
between patients with acute cholecystitis and chronic
cholecystitis using western blot analysis (Fig. 2). We obtained
2 areas of grossly inflamed and noninflammated gallbladder
tissues, respectively, from patients with acute cholecystitis and
chronic cholecystitis. In the gallbladder tissues with chronic
cholecystitis, the expression levels of visfatin and F4/80 did not
significantly differ between grossly inflamed and noninflamed

tissues. However, in the gallbladder tissues with acute
cholecystitis, the expression levels of visfatin and F4/80 were
significantly higher in grossly inflamed tissues than in grossly
noninflamed tissues (P < 0.05).

Subsequently, we compared IHC staining of the gallbladder
specimens in each group (Fig. 3). The antibodies used for IHC
stains included antibodies against visfatin, CD68, ICAM-1,
and VCAM-1. The percentages of immunoreactive areas were
measured using the ImageJ software (National Institute Health,
Bethesda, MD, USA) and were expressed as values relative
to those in normal gallbladder. IHC staining showed that

Annals of Surgical Treatment and Research

29



30

Annals of Surgical Treatment and Research 2020:99(1):26-36

A Chronic cholecystitis
Grossly normal Gross inflamed
10 11 12

1 2 3 4 5 6 7 8 9

Acute cholecystitis
Grossly normal Gross inflamed
1 2 3 4 5 6 7 8 9 10 11 12

B Chronic cholecystitis
120 - Visfatin 120 F4/80
%‘% 100 %‘%« 100 A
SE 80 £ 80+
S5 S5
q>) o 60' g [&] 60 -
82 404 82 40+
R R
x ~— 20 o — 20 A
0 - 0 -
Grossly Grossly Grossly  Gross
normal inflamed normal inflamed
Acute cholecystitis
250 - Visiatin 250 - F4/80
2 N *
-g,§200- %5 200 -
(O] a O a
g § 150 g § 150
.(% %5 100 A .% %5 100 A
22 50- o2 50
0 - 0+
Grossly  Gross Grossly  Gross
normal inflamed normal inflamed

Fig. 2. Pro-inflammatory mediators expressed in the gallbladder specimens. We obtained 2 areas of grossly inflamed and non-
inflamed gallbladder tissues, respectively, from patients with acute cholecystitis and chronic cholecystitis. (A) In the gallbladder
tissues with acute cholecystitis, the expression levels of visfatin and F4/80 were significantly higher in grossly inflamed tissues
than in grossly non-inflamed tissues. (B) Relative densities of pro-inflammatory markers in each group. Values are presented as
mean =+ standard deviation of 3 independent experiments. *P < 0.05.

immunoreactive areas for these pro-inflammatory mediators
were significantly higher in the gallbladder specimens,
especially grossly inflamed tissues, of the patients with
acute cholecystitis than those of the patients with chronic
cholecystitis (P < 0.05).

Alterations in the levels of pro-inflammatory
mediators in the in vitro model of acute

cholecystitis
To generate the in vitro model of acute cholecystitis, we

investigated the mRNA expression of pro-inflammatory
mediators, including visfatin, IL-10, TNF-q,, IL-6, ICAM-1, and
VCAM-1 according to the varying concentration of LPS (Fig.
4A). As LPS had higher concentrations, the mRNA expression
of these pro-inflammatory mediators tended to increase, and
thereafter the mRNA expression was shown to be decreased.
We also found that most pro-inflammatory mediators
significantly increased when the LPS of concentration above 25-
ng/mL concentration was added. Based on these findings, we
use the 25-ng/mL LPS to generate the in vitro model of acute
cholecystitis.

After generating the in vitro model for acute cholecystitis,
we compared the time-dependent differences in the levels of
these pro-inflammatory mediators using real-time PCR (Fig. 4B).
The results of the real-time PCR demonstrated that the mRNA
expression of visfatin was increased in the shortest time span
compared to those of the other pro-inflammatory mediators.

Contrasted by other pro-inflammatory mediators, the mRNA
expression of visfatin was increased within 1 hour after LPS-
driven inflammation.

Determination of the role of visfatin during acute

cholecystitis
To determine the role of visfatin, we compared the mRNA

expression of several pro-inflammatory mediators, including
TNF- a, IL-10, and ICAM-1, before and after blocking visfatin
expression with siRNA (Fig. 5A). When GBECs were treated
with LPS, these pro-inflammatory mediators were significantly
increased (P < 0.05). However, blocking the expression of
visfatin with siRNA significantly reduced the expression of
these pro-inflammatory mediators (P < 0.05), suggesting that
visfatin plays an essential role in increasing the expression of
these pro-inflammatory mediators.

Finally, we compared the expression of ABCGI before and
after blocking visfatin expression with siRNA (Fig. 5B). When
visfatin was not inhibited, GBECs treated with LPS significantly
inhibited the expression of ABCG1 (P < 0.005). However,
inhibition of visfatin by si-visfatin significantly abrogated the
suppressive effects of LPS on the expression of ABCG1 in the
GBECs, suggesting that visfatin is significantly involved in the
LPS-driven suppression of ABCGI (P < 0.005). As ABCGlI is an
essential mediator of cholesterol transport, it is expected that
visfatin could contribute to increased cholesterol accumulation
by reducing the expression of ABCGI and thus, lead to a more
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Fig. 3. Comparison of immunohistochemistry of the gallbladder specimens with or without acute cholecystitis.
Immunohistochemical staining showed that immunoreactive areas for pro-inflammatory mediators, including visfatin, CD68,
ICAM-1, and VCAM-1, were significantly higher in the gallbladder specimens, especially grossly inflamed tissues, of the
patients with acute cholecystitis (A) than those of the patients with chronic cholecystitis (B). The percentages of immunoreactive
areas were measured using the Image) software (National Institute Health, Bethesda, MD, USA) and were expressed as values
relative to those in normal gallbladder. Values are presented as mean + standard deviation of 3 independent experiments.
ICAM-1, intracellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1. *P < 0.05.

severe inflammatory response.

DISCUSSION

In this study, we investigated whether serum visfatin
level could be a prognostic factor for predicting the severity

of inflammation in patients with acute cholecystitis. Acute
cholecystitis patients exhibited higher mRNA levels of
visfatin in PBMCs, higher serum visfatin levels, and higher
protein levels of visfatin in the gallbladder than the chronic
cholecystitis patients. We also observed that the mRNA
expression of visfatin was increased in the shortest amount of
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Fig. 4. Changes of mRNA expression of pro-inflammatory mediators over time in the in vitro model of acute cholecystitis. (A)
Determination of LPS concentration for generating in vivo model of acute cholecystitis. The most pro-inflammatory mediators
significantly increased when the LPS of concentration above 25-ng/mL concentration was added. We thus use the 25-ng/mL
LPS to generate the in vitro model of acute cholecystitis. (B) Real-time polymerase chain reaction showing the time-dependent
differences in the levels of these pro-inflammatory mediators in the in vitro model of cholecystitis. The mMRNA expression
of visfatin was increased in the shortest time span compared to those of the other pro-inflammatory mediators. Values are
presented as mean + standard deviation of 3 independent experiments. ICAM-1, intracellular adhesion molecule-1; LPS,
lypopolysaccharide; IL, interleukin; TNF-o, tumor necrosis factor-a,; VCAM-1, vascular cell adhesion molecule-1. *P < 0.05.
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Fig. 5. Determination of the role of visfatin during acute cholecystitis. (A) Real-time polymerase chain reaction comparing
the mRNA expression of the pro-inflammatory mediators, including TNF-a, IL-10, and ICAM-1, before after blocking visfatin
expression with siRNA. When gallbladder epithelial cells (GBECs) were treated with LPS, these pro-inflammatory mediators
were significantly increased (P < 0.05). However, blocking the expression of visfatin with siRNA significantly reduced the
expression of these pro-inflammatory mediators. (B) Western blot analysis comparing the expression of ABCG1 before and
after blocking visfatin expression with siRNA. When visfatin was not inhibited, GBECs treated with LPS significantly inhibited
the expression of ABCG1. However, inhibition of visfatin by si-visfatin significantly abrogated the suppressive effects of LPS on
the expression of ABCG1 in the GBECs. Values are presented as mean + standard deviation of 3 independent experiments. Ct,
control; siCt, negative control siRNA; ICAM-1, intracellular adhesion molecule-1; LPS, lypopolysaccharide; SRA, scavenger
receptor A; TNF-q, tumor necrosis factor-a; IL, interleukin. *P < 0.05.

time compared to other pro-inflammatory mediators such as IL-
10, TNF-q, IL-6, ICAM-1, and VCAM-1 in the in vitro model of
acute cholecystitis. In the in vitro model of acute cholecystitis,
when visfatin was not inhibited, the expression of ABCGI was
suppressed in the LPS-treated GBECs. On the other hand, when
visfatin was inhibited, the suppressive effects of LPS on the
expression of ABCG1 in GBECs were disrupted, suggesting that
visfatin is significantly involved in the LPS-driven suppression
of ABCGI. In summary, visfatin is a pro-inflammatory mediator
that is upregulated during acute cholecystitis and is expected to
be increased within a short time after inflammation. Therefore,
the serum levels of visfatin could be an effective predictor
of the severity of inflammation in the patients with acute
cholecystitis.

Our study showed that the patients with acute cholecystitis
exhibited higher mRNA levels of visfatin in PBMCs and
higher serum levels of visfatin. Visfatin is mainly produced
in the adipose tissue and PBMCs. Specifically, visfatin can
be considered as an "adipokine” secreted from subcutaneous
and visceral adipose tissues as well as a "hormone” released
from the PBMCs, such as B cells, T cells, macrophages, and
neutrophils. The released visfatin not only acts as a potent pro-
inflammatory agent itself, but also stimulates the production of

numerous pro-inflammatory cytokines, such as TNF-q,, IL-1p,
IL-10, and IL-6 [10,12]. Visfatin can upregulate the expression
of IL-6, IL-8, TNF-o, and MMP-9 in monocytes through the
p38-MAPK signaling pathway [19]. Visfatin was also found to
increase the number of macrophages, which are major sources
of pro-inflammatory cytokines such as TNF-q, IL-18, and IL-6
[20]. Taken together, visfatin can be considered as a central
mediator of acute inflammatory response.

The upregulation of visfatin is observed in numerous
inflammatory diseases, including rheumatoid arthritis,
inflammatory bowel disease, psoriasis, acute lung injury, and
sepsis [10,14-16]. However, till date, few studies have been
conducted elucidating the role of visfatin in cholecystitis. Xie
et al. [4] reported that elevated plasma visfatin levels correlated
with the conversion rate of laparoscopic cholecystectomy to
open surgery in patients with acute cholecystitis. They analyzed
146 patients with acute cholecystitis along with equal number
of healthy controls, and identified elevated plasma levels
of visfatin as one of the independent factors for predicting
the open conversion during laparoscopic cholecystectomy.
In another study, patients with gallstones, regardless of the
type, were found to have the significantly higher serum levels
of visfatin than the control patients [21]. Furthermore, the
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correlation between higher visfatin levels and the cholesterol
gallstones was more significant in obese patients (body mass
index > 25 kg/m’) than controls. As the portal vein drains
blood to the liver from most of the gastrointestinal tract
including visceral adipose tissue, adipokines released from
visceral adipose tissue can affect the hepatobiliary system [22].
Thus, visfatin drained into the portal vein might contribute
to gallstone formation to a certain degree. This study suggests
the possibility of using visfatin as an independent predictor for
gallstone formation.

Visfatin can be considered as one of the adipokines, which are
soluble mediators that are mainly, but not exclusively, released
by adipocytes and exhibit their functions in an autocrine,
paracrine or endocrine manner [23]. Besides visfatin, other
adipocytokines include TNF-q, IL-6, plasminogen activator
inhibitor-1, adiponectin, leptin, resistin, serum amyloid A,
angiotensinogen, and monocyte chemoattractant protein-1
[24,25]. In general, a significant number of these adipokines
are not only released from adipocytes but also from activated
macrophages and/or other immune cells. Thus, adipose
tissue can be considered as an endocrine or immune organ
that is involved in a variety of biological functions, including
inflammation, immunity, and endocrine function. Therefore, as
obese patients have a larger pool of functional adipose tissues,
they are expected to be particularly vulnerable to various
diseases associated with inflammation and immunity.

While considering the role of visfatin in the gallbladder
disease, one should pay attention to the fact that obesity is the
one of the most prominent risk factors for gallstone formation
[26,27]. 1t was reported that the patients with obesity and type
Il diabetes have significantly higher circulating visfatin levels
than controls [6,28], suggesting a close link between visfatin
and obesity-related inflammatory diseases, including diabetes,
atherosclerosis, dyslipidemia, and cholelithiasis. Obesity is
inevitably accompanied by inflammatory response that is
characterized by elevated levels of systemic inflammatory
cytokines and accumulation of macrophages in adipose tissues
[29]. ABCGI is a member of the ATP-binding cassette transporter
superfamily, and is responsible for the cholesterol efflux from
macrophages to serum or HDL. Park et al. [30] showed that
ABCGI was repressed by inflammatory insults at least in part
via the down-regulation of the PPARy pathway. Specifically,
they showed that LPS significantly decreased the expression of
ABCG1 mRNA in mouse peritoneal macrophages. In this study,
we showed that visfatin significantly downregulated ABCGI
in GBECs. Downregulated ABCGI in obese patients can lead
to cholesterol accumulation in the tissues, making them more
vulnerable to acute inflammation.

In conclusion, we showed that visfatin could be a valuable
early prognostic factor for acute cholecystitis. The patients with
acute cholecystitis exhibited higher mRNA levels of visfatin

in PBMCs, higher serum levels of visfatin, and higher level of
visfatin protein in the gallbladder than the chronic cholecystitis
patients. In the in vitro model of acute cholecystitis, the mRNA
expression of visfatin increased in the shortest time duration
compared to other pro-inflammatory mediators, including
IL-10, TNF-q, IL-6, ICAM-1, and VCAM-1. Visfatin was also
found to inhibit the expression of ABCGI in the GBECs, which
is a cholesterol transporter protein, thereby aggravating the
inflammatory response during acute cholecystitis. Therefore,
measuring the serum level of visfatin could potentially assist in
predicting the natural course of the disease in the patients with
acute cholecystitis.
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