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Summary

Acute pancreatitis (AP) is characterized by an inflammatory
response that leads to edema and haemorrhaging of pan-
creatic tissue. In severe cases, it can even result in the
necrosis of pancreatic tissue following activation within the
pancreas. Adipokines are biologically active molecules
released by adipose tissue that have a wide-ranging impact
on health and disease. Adipokines are cytokines produced
not only in white adipose tissue but also in the fat surround-
ing the pancreas, and they play a role in the body’s inflam-
matory response. The presence of increased adipose tis-
sue, often associated with obesity, has been linked to a
heightened systemic inflammatory response in cases of AP
According to the literature, there are many adipokines.
This article summarizes the role of adipokines in AP
Adipokines could be promising biomarkers for both diag-
nostic and new therapeutic treatment strategies in AP
However, a deeper knowledge of the signaling pathways of
adipokines and their potential therapeutic role in AP is
necessary.
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Kratak sadrzaj

Akutni pankreatitis (AP) se karakteriSe inflamatornim
odgovorom koji vodi edemu i hemoragiji tkiva pankreasa.
U tezim stanjima moze voditi i nekrozi pankreasa. Adipo-
kini su bioloski aktivni molekuli koje sekretuje masno tkivo,
a koji imaju Sirok spektar dejstva. Adipokini i citokini nisu
samo produkt belog masnog tkiva, ve¢ i masnog tkiva koje
okruzuje pankreas, igrajuci vaznu ulogu u inflamatornom
odgovoru organizma. Prisustvo uvecdanog masnog tkiva,
Cesto povezano sa gojazno$cu, dovodi se u vezu sa poja-
¢anim inflamatornim odgovorom u sluc¢ajevima AP. Podaci
iz literature ukazuju na veliki broj otkrivenih adipokina. Ovaj
revijski ¢lanak predstavlja prikaz uloge pojedinih adipokina
u AP Adipokini mogu biti obecavajuci dijagnosti¢ki i tera-
pijski biomarkeri u AP. Ipak, potrebna su dublja saznanja o
signalnim putevima adipokina i potencijalnoj terapijskoj
ulozi ovih biomarkera u AP,

Kljuéne reéi: akutni pankreatitis, adipokini, masno
tkivo, gojaznost
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Introduction

Acute pancreatitis (AP) is characterized by an
inflammatory response that causes pancreatic tissue
to become inflamed, edematous, and hemorrhagic.
In extreme situations, the pancreas can become acti-
vated, which can lead to the necrosis of pancreatic tis-
sue. Several circumstances can lead to the onset of
this illness (1), the development of subcutaneous
blood clots, as well as symptoms including stomach
discomfort, nausea, vomiting, fever, increased body
temperature, jaundice, intestinal obstruction, and evi-
dence of peritoneal irritation. Furthermore, AP can
result in side effects such as pancreatic abscesses,
pseudocysts, acute respiratory failure, acute renal fail-
ure, cardiac issues, pancreatic encephalopathy, sep-
sis, and fungus infections (2). Due to conditions
including pancreatic hemorrhagic necrosis and organ
failure, a portion of AP patients, around 20%-30%,
develop severe acute pancreatitis (SAP) (3). With a
5%-10% mortality rate, SAP requires early discovery
and focused treatment to lower death rates (4).

Adipokines are biologically active molecules
released by adipose tissue that have a wide-ranging
impact on health and disease (5). They play crucial
roles in the regulation of metabolism, inflammation,
immunity, cardiovascular function, and even cancer.

However, when adipokines become dysregulated,
they can contribute to disorders associated with obe-
sity (5). It is important to note that adipose tissue is
not merely a passive storage site for energy but also
functions as an active endocrine organ, releasing var-
ious molecules known as adipokines (6). Adipokines
are a class of cytokines that exert regulatory control
over processes such as inflammation, metabolism,
appetite, cardiovascular function, and immune
responses. Common examples of adipokines include
leptin, adiponectin, and resistin, among others. The
specific type and quantity of adipokines produced by
adipose tissue depend on factors like the type of
adipocytes (white or brown), their size, number, loca-
tion within the body and interactions with other cells
(5). Adipocytes, or fat cells (6), can be categorized
into two primary types: white adipocytes, which store
excess energy as triglycerides and release various
adipocytokines like leptin, adipsin, adiponectin,
omentin, tumor necrosis factor-alpha (TNF-a.), inter-
leukin-6 (IL-6), monocyte chemoattractant protein-1,
plasminogen activator inhibitor-1, resistin, visfatin,
and retinol-binding protein 4 (RBP4), and brown
adipocytes, which store energy as smaller lipid
droplets and secrete cytokines such as fibroblast
growth factor-21 (FGF-21), bone morphogenetic pro-
tein 7, vascular endothelial growth factor A (VEGF A),
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Figure 1 Overall presentation of adipokines in acute pancreatitis.
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Table | The circulating levels and pathophysiological aspects of adipokines in acute pancreatitis.

Adipokines

Acute pancreatitis

Circulating
levels

Pathophysiological aspects

ANGPTL2

?

Undetermined

Chemerin

Chemerin notably alleviated the severity of AP in rats, potentially by inhibiting pro-inflamma-
tory signalling in pancreatic cells (25)

FGF-21

FGF-21 has shown the ability to mitigate pancreatic fibrosis and inflammation in AP (30).

The administration of FGF-21 effectively reverses cerulein-induced pancreatic damage and
mitigates autophagy-related harm in both in vivo and in vitro settings. The mechanism under-
lying this involves FGF-21 acting on pancreatic acinar cells to stimulate the expression of
Sirtuin-1 (Sirt1), which subsequently restores impaired autophagy processes and enables
repair damaged organs. Furthermore, when Sirt1 was blocked, cerulein-induced pancreatic
injury accelerated, and the regulatory impact of FGF-21 on autophagy activation in mice was
diminished. These findings shows that FGF-21 shields against cerulein-induced AP by activat-
ing the Sirtuin-1-autophagy axis (30).

Osteopontin

Undetermined

Visfatin

Patients with higher scores for pancreatic and extrapancreatic necrosis had higher visfatin
levels upon admission (13).

TNF-o.

Degradation and inactivation of TNF-o. by pancreatic proteases implies that TNF-a. is unlikely
to play a key role in the of distant organ failure onset and progression (50). TNF-a exhibits a
role in the progression of AP by taking part in regulation of apoptosis (53). TNF-a jointly trig-
gers both proapoptotic and antiapoptotic mechanisms within pancreatic AR4-2J) cells
(53).TNF-a. might lead to transition of AP from a localized condition to a systemic disorder
(55).

RBP4

Synthetic derivative of retinoic acid, i.e. fenretinide ameliorates glucose tolerance and insulin
sensitivity (58), thus pointing out that the medications that lower RBP4 exhibit metabolically
favorable properties. It is presumed that fenretinide activates retinoic acid receptors/retinoid-
X receptors pathways in tissues that exhibit active metabolic processes, such as liver and adi-
pose tissue (58).

LCN-2

Inhibitors of expression of LCN-2, i.e., thiazolidinediones (e.g., rosiglitazone and pioglitazone)
exhibit anti-inflammatory and insulin-sensitizing properties and show promising therapeutic
potential in lowering LCN-2 (72).

Vaspin

The anti-inflammatory properties of vaspin have been atributed to its capability for inhibition
of the expression of proinflammatory adhesion molecules, such as E-selectin, vascular cell
adhesion molecule 1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1), and monocyte
chemoattractant protein 1 (MCP-1) via inhibition of NF-kB signaling pathways (74, 75). The
anti-inflammatory and insulin-sensitizing properties of vaspin are assumed to be a compensa-
tory process due to insulin resistant state (73).

Omentin-1

Anti-inflammatory, anti-atherogenic and insulin-sensitizing properties (73, 79) make omentin-
1 as a promising biomarker for future trials of tissue-specific insulin resistance.

Asprosin

Undetermined

Adipsin

Undetermined

Apelin

The exposure of this peptide can exhibit a protective impact in chronic pancreatitis, by
decreasing the inflammation and the stage of fibrosis and cells degeneration in pancreas (89).

Progranulin

?

Undetermined

Legend: (1)-increased levels, (?)-no studies have been reported yet, ({)-not sure. Angiopoietin-like protein 2 (ANGPTL2), Acute pan-
creatitis (AP), Fibroblast growth factor-21 (FGF-21), Tumor necrosis factor -alpha (TNF-a.)
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Table Il Summary of the studies which explain the adipokines in acute pancreatitis.

First author

Year

Adipokines

The main finding in acute pancreatitis

ref

Lv et al.

2021

ANGPTL2

It was revealed that ANGPTL2 has shown excellent diagnostic accuracy for identi-
fying organ failure in AP patients, with combined sensitivity and specificity values of
0.93 and 0.85, respectively.

24

Jaworek et al.

2019

Chemerin

It was suggested that the anti-inflammatory effect of chemerin might be attributed
to the attenuation of NF-kB signalling. Chemerin notably alleviated the severity of
AP in rats, potentially by inhibiting pro-inflammatory signalling in pancreatic cells.

25

Chen et al.

2020

FGF-21

Levels of FGF-21 in the bloodstream significantly rise in both AP patients and mice
with cerulein-induced AR, which correlates with changes in pancreatic injury.

30

Hernandez et al.

2020

FGF-21

The critical role of FGF-271 in safeguarding the function of the exocrine pancreas
and suggesting its potential therapeutic target in preventing and treating pancreati-
tis.

31

Shenoy et al.

2016

FGF-21

Serum FGF-21 levels increased significantly in individuals with AR implying that the
pancreas might contribute to increased FGF-21 levels after injury and FGF-21 may
contribute to the recovery process.

32

Wirestam et al.

2023

OPN

OPN was a relevant biomarker reflecting tissue injury in AP The increase in OPN
over time suggests that serial measurements of OPN could aid in the timely recog-
nition of patients at risk.

a1

Swaérd et al.

2018

OPN

It revealed that OPN levels could be predictors of future organ failure. The relative
change in OPN levels between admission and day 2/3 was higher in patients with
moderate-to-severe disease.

42

Mao et al.

2020

Visfatin

The serum levels visfatin levels were significantly higher in both, AP and SAP groups
as compared to the control group. Determination of visfatin levels could be a key
marker for the early diagnosis of SAP and the assessment of patients' prognoses.

45

Schéaffler et al.

2010

Visfatin

Visfatin concentration can function as an early marker for prediction of peripancre-
atic necrosis and AP clinical severity, thus potentially offering a new and valuable
serum diagnostic biomarker in clinical practice.

13

Daniel et al.

2010

Visfatin

Throughout AR visfatin and resistin levels displayed a joint increase with CRP. This
assume that mentioned parameters could potentially serve as additional tool for
both the prognosis and monitoring of AP

46

Alsfasser et al.

2005

TNF-a.

It indicated that plasma TNF-a levels might not increase in experimental AR
and in fact, they were notably lower in SAP when compared to sham-operated con-
trols.

50

Grewal et al.

1994

TNF-a.

TNF-a. might play a major role in the onset of the SAP-systemic complications, and
neutralizing TNF-a with a polyclonal antibody might serve as a potential therapeutic
approach to alleviate these complications.

51

Hughes et al.

1996

TNF-a.

Higher TNF-a. levels have been observed in a severe form of AP, and this could play
a role in the physiological consequences of the condition.

52

Kiyicr et al.

2009

TNF-a.

TNF-o. levels were higher in AP cases, compared to the chronic form of the
disease. However, the authors did not find a correlation between TNF-a levels and
the disease severity.

54

Osman et al.

1999

TNF-a.

It indicated that TNF-a and IL-8 may be a part of driving the transition of AP from
a localized form to a systemic disease.

55

Charalabopoulos
et al.

2019

TNF-a.

There was a significant increase in TNF-o expression over time after surgery
in the control group. Conversely, in the apigenin-treated group, there was a
significant decrease in TNF-o. expression over time after surgery (p<0.013). At the
72-hour mark, apigenin not only that reduced the expression of TNF-a in the pan-
creas, but it also prevented pancreatic necrosis.

56

Zhang et al.

2017

TNF-a.

The induction of heme oxygenase-1 during the early stages of SAP appears to mod-
ulate the systemic inflammatory response, protecting against injuries to the pan-
creas and neighbouring organs, such as the liver, through the inhibition of TNF-a
and the increase in IL-10.

57

Han et al.

2023

RBP4

Significant predictive ability of RBP4 for severity of AP and related complications,
i.e., acute lung injury (AUC=0.829) and acute necrotic collection (AUC=0.821) in
a study that included nearly 1.900 patients with AP,

63

Singh et al.

2017

LCN-2

Significant correlation between serum LCN-2 and WC in total of 92 patients after AP
Alcohol consumption can additionally aggravate the dysfunction of adipose tissue.

64
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Chakraborty
et al.

2010

LCN-2

LCN-2 is proposed as an early biomarker of SAR being several times higher in SAP
as compared to mild AP (MAP) and showing 100% sensitivity and specificity in dis-
criminating SAP from MAP during first 48 hours. A significant relationship of LPN-2
with fatal outcome was also shown.

69

Siddappa

2018

LCN-2

Serum and urine LCN-2 levels were found to be higher in patients with AP on day 1
as compared to controls. Serum and urine LCN-2 concentration can serve as predic-
tor of AP severity and development of its complications, such as AKI (70).

70

Lipinski et al.

2015

LCN-2

Urinary LCN-2 levels on admission and within the first 24 hours in 104 patients with

AP and confirmed an increasing trend in AP mortality (AUC=0.980 and 0.920,
respectively) and severity (AUC=0.750 and 0.930, respectively) in parallel with
increasing urinary LCN-2 levels.

71

Sing et al.

2018

Vaspin

The relationship between central adiposity and several insulin resistance indices (e.g.,
among them HOMA-IR and HOMA-vaspin) in 92 patients after AP episode was
examined. The AUC for HOMA-IR and HOMA-vaspin were 0.698 and 0.735,
respectively, showing good concordance between these two insulin resistance indices.

76

Sing et al.

2018

Omentin-1

A good agreement between the AUC for HOMA-IR and HOMA-omentin-1
(AUC=0.698 and 0.756, respectively) was shown in individuals after an AP episode.

76

Sit et al.

2014

Omentin-1

Higher omentin-1 levels were observed in AP rats as compared to controls, as well as
in chronic pancreatitis as compared to both, AP and control rats.

81

Han et al.

2017

Apelin

Apelin inhibited the activation of NF-kB which could be the proposed mechanism for
diminished values of pro-inflammatory cytokines in pancreas of mice with chronic
pancreatitis that were administered apelin. Accordingly, the pancreatic up-regulation
of tumor necrosis factor-a,, ICAM, IL-1B, were blocked by apelin.

90

irisin, neuregulin 4, nesfatin-1, meteorin-like protein,
chemerin, IL-6, IL-8, IL-10. These cytokines have
beneficial effects on processes such as thermogene-
sis, energy expenditure, glucose regulation, lipid
metabolism, insulin sensitivity, angiogenesis, and
anti-inflammatory responses (6).

Adipokines are produced not only in white adi-
pose tissue, but also in the fat surrounding the pan-
creas, and they play a role in the overall body's inflam-
matory response (7). The presence of increased
adipose tissue, often associated with obesity, has
been linked to a heightened systemic inflammatory
response in cases of AP (7). Additionally, it can serve
as a prognostic factor for outcomes such as mortality,
local and systemic complications, and the severity of
AP (7). Peripancreatic fat necrosis in AP has been
linked to the emergence of SAP multiple organ fail-
ure, and increased mortality (8, 9). It is hypothesized
that peripancreatic necrosis may lead to a substantial
release of adipokines into the bloodstream, making
adipokines as potential predictors of the clinical
course and complications of AP Some older studies
have reported significant differences in the concentra-
tions of resistin, visfatin, leptin, and adiponectin
between patients with mild AP and those with SAP
(10-16). However, these studies varied widely in their
methodologies, diagnostic criteria, classification, and
assessment of AP (10-16).

According to the literature, there are many dis-
covered adipokines so far (5-7). In the same way, Yu
et al. (17), Karpavicius et al. (18) and Wos-

Wroniewicz et al. (19) reported adiponectin, IL-6,
resistin, ghrelin, and leptin in AP This review article
summarizes the role of some other adipokines in AP
such as asprosin, apelin, adipsin, angiopoietin-like
protein 2 (ANGPTL2), chemerin, FGF-21, progran-
ulin, visfatin, vaspin, omentin-1, RBP4, lipocalin 2,
TNF-a, and osteopontin (OPN) since these have not
collectively summarized and reported yet.

Literature Search Strategy

Science Direct, PubMed, and Google Scholar
were among the databases used to perform the liter-
ature review. Clinical research was only conducted if
it was related to English-language literature and par-
ticular keywords like »Acute pancreatitis,« »Adipo-
kines,« and »Pathogenesis« were used. No set time-
line was established, even though the emphasis was
on current findings. By looking through the reference
lists of the chosen papers, additional pertinent publi-
cations were found.

Adipokines in acute pancreatitis

As already mentioned, adipokines are signaling
molecules secreted by adipose tissue (i.e., fat cells)
and play a significant role in regulating various physi-
ological processes, including inflammation and
metabolism (5). In the context of AP the role of
adipokines has been studied to understand their
potential impact on the disease process. The overall
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presentation of adipokines in AP is explained in Figure
1. Table | explains the circulatory levels and patho-
physiological aspects of adipokines in AP The sum-
mary of the studies which explain the adipokines in
AP is presented in Table II.

Angiopoietin-like protein 2

Angiopoietin-like protein 2 (ANGPTL2) is pri-
marily synthesized within the visceral fat tissue, where
it stimulates the recruitment of macrophages and the
formation of new blood vessels (20). In obese mice,
increased ANGPTL2 levels resulted in persistent
inflammation and restructuring of adipose tissue, ulti-
mately leading to systemic insulin resistance.

ANGPTL? is a newly identified adipokine (i.e. it
falls under the newly identified ANGPTL family), and
it has been linked to various metabolic disorders such
as insulin resistance, obesity, and diabetes (20, 21).
Previous research has demonstrated that ANGPTL2
can function as a contributor to persistent inflam-
mation. Despite their structural resemblance to
angiopoietin, ANGPTLs do not interact with the con-
ventional angiopoietin receptors. Many members of
this family are engaged not only in controlling angio-
genesis but also in managing glucose and lipid
metabolism (20, 21).

ANGPTL2 is a novel type of glycoprotein that
falls within the category of endothelial growth factors
(22, 23). It specifically targets endothelial cells and is
stored in secretory Weibel-Palade bodies. When trig-
gered by conditions like hypoxia, inflammation, or
mechanical injury, ANGPTL2 is released from endo-
thelial cells (22). ANGPTL2 plays a role in preparing
the endothelium to respond to angiogenic and
inflammatory cytokines by binding to the same site on
the Tie-2 receptor as angiopoietin 1 (22, 23). This
interaction leads to the destabilization of endothelial
cells and vascular degeneration, ultimately causing a
vascular leakage syndrome. This syndrome can result
in  hemoconcentration, hypotension, pulmonary
edema, and renal insufficiency in individuals with
acute conditions, including AP Recent research has
identified Ang-2 as a promising biomarker for predict-
ing complications, particularly organ failure, associat-
ed with AP (22, 23).

Another study was to evaluate the precision of
angiopoietin-2 (Ang-2) as a predictive marker for
organ failure in AP, It was revealed that Ang-2 exhibits
a strong diagnostic accuracy for identifying organ fail-
ure in AP patients, with combined sensitivity and
specificity values of 0.93 and 0.85, respectively. The
area under the receiver operating characteristic curve
(AUC) was 0.95, and the diagnostic odds ratio was
83.18. Further subgroup and sensitivity analyses indi-
cated that Ang-2's most effective predictive ability is
observed between 24 and 72 hours after the onset of
AP These findings suggest that Ang-2 has the poten-

tial to serve as a valuable predictor of AP severity in
future clinical applications (24).

Chemerin

Chemerin works as a potent chemoattractant,
attracting cells from the bone marrow and triggering
the migration of immune cells like macrophages and
natural killer cells to the inflamed location (25).
Chemerin is now understood to be one of the
adipokines (adipocytokines), despite once being
largely thought to come from adipose tissue. The
liver, pancreas, intestinal epithelium, fibroblasts, skin
epidermis, platelets, and respiratory tract can also
produce chemerin, according to recent studies. There
is disagreement on chemerin's contribution to the
inflammatory response (25). Chemerin may either
lessen inflammation or perhaps cause it, according to
certain studies. Another research looked at
chemerin's effects on AP both in vivo and in vitro.
Histological analysis proved the presence of acute
pancreatitis. Chemerin treatment reduced AP histo-
logical symptoms, serum amylase activity, and TNF-a
levels in AP-infected rats (25). Compared to cultures
treated with caerulein alone, TNF-a. signalling was
reduced in AR42J cells exposed to caerulein and
chemerin (25). It was proposed that the reduction of
nuclear factor kappa B (NF-xB) signaling may be
responsible for chemerin’s anti-inflammatory effects.
Chemerin notably alleviated the severity of AP in rats,
potentially by inhibiting pro-inflammatory signalling
in pancreatic cells (25).

Fibroblast growth factor-21

Fibroblast growth factor 21 (FGF-21) belongs to
the fibroblast growth factor family and primarily com-
municates with tissues through a receptor combina-
tion comprising fibroblast growth factor-21 receptor
(FGFR) and B-klotho (26, 27). The presence of B-
klotho is crucial for enabling FGF-21 to engage with
FGFR and initiate the subsequent signalling pathways
(26, 27). FGF-21 has been identified as a metabolic
regulator that exerts its effects primarily on the liver,
pancreatic islets, and adipose tissue. FGF-21 is con-
sidered an adipokine because it is produced and dis-
charged from white adipose tissue. FGF-21 combines
several mechanisms to control human energy bal-
ance, blood glucose levels, and lipid metabolism
(28). It exhibits complementary functions when com-
pared to adiponectin (29).

Although FGF-21 is notably present in high
amounts in the pancreas, its role in AP has remained
largely unexplored. Recent findings indicate that FGF-
21 expression increases during the progression of AP
which mitigates pancreatic fibrosis and inflammation
in AP FGF-21 is a metabolic hormone that has a pos-
itive effect on AP and is recognized for its numerous
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impacts on insulin sensitivity, glucose and lipid metab-
olism, and other metabolic processes. However, the
exact mechanism that underlies this effect is not
enlightened yet. Both patients with AP and mice
induced to develop AP with cerulein treatment exhibit
pathological and physiological changes associated
with FGF-21. To understand the mechanisms involved,
researchers examined how FGF-21 affects autophagy
in mice treated with FGF-21 and in cultured pancreat-
ic cells (30). Notably, the blood levels of FGF-21 dra-
matically increase in AP patients as well as mice that
have cerulein-induced AP, and this coincides with alter-
ations in pancreatic damage. The administration of
FGF-21 effectively reverses cerulein-induced pancreat-
ic damage and mitigates autophagy-related harm in
both in vivo and in vitro settings. The mechanism
behind this involves FGF-21 acting on pancreatic aci-
nar cells to enhance the expression of Sirtuin-1 (Sirt1),
which subsequently restores impaired autophagy
processes and helps repair damaged organs (30).
Furthermore, when Sirt1 was blocked, cerulein-
induced pancreatic injury accelerated, and the regula-
tory effect of FGF-21 on autophagy activation in mice
weakened. These findings illustrate that FGF-21
shields against cerulein-induced AP by activating the
Sirtuin-1-autophagy axis (30).

The body's largest quantities of FGF-21, which is
essential for maintaining the health of acinar cells, are
found in the exocrine pancreas. It has been shown
that both acute and chronic pancreatitis in mice and
humans results in a reduction in FGF-21 expression
as a result of the activation of the integrated stress
response (ISR) pathway (31). When the ISR is activat-
ed in cultured acinar cells and mouse pancreata, the
scientists looked into the process and found that it
causes the synthesis of activating transcription factor
3 (ATF3), a transcriptional repressor. As a result of
ATF3 directly attaching to particular areas on the
FGF-21 promoter, the expression of FGF-21 is
reduced. The fact that the human FGF-21 promoter
included these ATF3 binding sites is significant since
it suggests a similar regulation mechanism in people.
ATF3 and FGF-21 expression patterns in the pan-
creas of human patients with pancreatitis were found
to be consistent with those seen in mice, supporting
previous research (31). These studies showed that
the ISR could be successfully countered and pancre-
atitis was successfully treated by substituting pharma-
cological techniques for FGF-21. The restoration of
FGF-21 expression and relief from pancreatitis was
also brought about by suppressing the ISR using an
inhibitor of PKR-like endoplasmic reticulum kinase
(PERK). These findings highlight the crucial function
of FGF-21 in maintaining the exocrine pancreas'
functionality and point to its potential therapeutic use
in preventing and treating pancreatitis (31).

The acinar pancreas expresses significant quan-
tities of the metabolic regulator FGF-21. However, it
is unclear how this protein affects pancreatic func-

tioning. In mouse models of experimental pancreati-
tis, it appears to have a protective effect. Another
study looked into how FGF-21 affects the develop-
ment and recovery of AP Serum FGF-21 levels were
shown to significantly increase in patients with AP
peaking four to six days after the maximum lipase
level and then steadily declining (32). Peak FGF-21
levels in those with AP were considerably higher than
the maximum levels seen in our control group and
were also higher than the beginning values. The pro-
portion of active to total FGF-21 remained consistent
throughout the disease (42.5% vs. 44.4%, p=0.58).
The fold increase in FGF-21 levels was significantly
more pronounced in individuals with AP compared to
healthy subjects (4.7 vs. 2.0, p=0.01), with even
higher increases seen in SAP compared to mild cases
(18.2 vs. 4.4, p=0.01). Further, the peak FGF-21 lev-
els coincided with the day when patients were effec-
tively able to restart oral consumption. According to
these results, blood FGF-21 levels dramatically rise in
people with AP, indicating that the pancreas may con-
tribute to higher FGF-21 levels following damage and
may aid in the healing process (32).

Osteopontin

Osteopontin (OPN), also known as early T lym-
phocyte activation-1 (Eta-1), uroprotein, and secreted
phosphoprotein 1 (SPP-1), is a 314 amino acid long
glycophosphoprotein that is strongly phosphorylated
(33, 34). Due to various post-translational modifica-
tions, including O-linked glycosylation, phosphoryla-
tion, sialylation, and tyrosine sulfation, it has a molec-
ular weight that ranges between 41 and 75 kDa.
These alterations can change how the protein reacts
in tissues (34, 35). Osteopontin was originally discov-
ered in bone tissue but exhibits versatile functions due
to its widespread presence in major organs and sys-
tems (33). Indeed, OPN has been identified in vari-
ous anatomical locations, including bone cells,
adipocytes, cardiomyocytes, renal cells, and vascular
cells (36, 37). In each of these anatomical compart-
ments, OPN serves as a key player in regulating T-cell
activity, macrophage recruitment and infiltration, and
the inhibition of local calcification signaling (38, 39).
OPN exists in two main forms: an intracellular form
and a soluble form, each mediating both physiologi-
cal and pathological signalling processes (35, 40).

OPN is also known by various, names such as
bone/sialoprotein |, early T-lymphocyte activation-1,
and secreted phosphoprotein 1, which is a protein
primarily associated with bone remodeling. However,
it is released by various cell types, especially during
tissue injury and inflammation. OPN can operate as a
soluble cytokine in inflamed tissues and the blood-
stream and plays a critical role in cell-to-cell and cell-
to-matrix interactions essential for the inflammatory
response. AP requires a simple-to-measure biomarker
to forecast the severity of the condition, as numerous



8 Rafaqat et al.: Adipokines in acute pancreatitis

grading systems have been suggested for this goal.
The exact function of OPN in AP is unclear, however,
it may be released into the circulation quickly in
response to tissue damage. Therefore, Wirestam et
al. (41) study assessed the plasma OPN levels con-
cerning the severity of AP Upon admission, patients
with AP had significantly higher OPN levels, measur-
ing 156.4 ng/mL (IQR 111.8-196.2 ng/mL), com-
pared to the control group, which had levels of 37.4
ng/mL (IQR 11.7-65.7 ng/mL) (p<0.0001).
However, OPN levels at admission could not differen-
tiate between cases of mild and moderate-to-severe
disease (132.6 ng/mL vs. 163.4 ng/mL). Never-
theless, it was observed that the changes in OPN
within 24 hours of admission and on day 2/3 were
more pronounced among patients with moderate-to-
severe AP (33.7%) in comparison to those with mild
AP (-8.1%) (p=0.01). As a result, it may be inferred
that OPN was a pertinent biomarker representing tis-
sue damage in AP, Serial measurements of OPN may
help in the early identification of patients at risk,
according to the increase in OPN over time. To deter-
mine how OPN and AP results relate to one another,
prospective studies are required. The results indicate
that OPN has the potential as a biomarker for detect-
ing tissue damage in AP, despite the limitations men-
tioned previously. To determine its therapeutic rele-
vance, more research involving bigger patient
populations is necessary (41).

In a more extensive investigation conducted by
Swaérd et al. (42), involving 86 patients, it was discov-
ered that OPN levels could predict future organ fail-
ure. Although, in a group of patients, the initial OPN
levels upon admission did not enable us to distinguish
between mild and moderate-to-severe cases of the
disease, the author observed significantly elevated
levels in patients compared to the control group. This
suggests the presence of inflammation and/or tissue
damage. Additionally, it was noticed a dynamic shift
over time, particularly among patients with severe dis-
ease, where their OPN levels were notably higher,
though this was only statistically significant on day 2.
Additionally, individuals with moderate-to-severe ill-
ness showed a larger relative shift in OPN levels
between day 2/3 and admission. It is crucial to con-
sider the timing of sample collection and the duration
of symptoms when assessing a biomarker's ability to
predict outcomes (42).

Visfatin

A polypeptide having a molecular weight of 52
kDa, visfatin contains 491 amino acids (43). It can
attach to the insulin receptor, enabling the breakdown
of glucose and encouraging the differentiation, mat-
uration, and accumulation of fat cells. Furthermore, it
can activate the NF-kB signaling pathway, promote
the generation of inflammatory cells, and contribute
to the body's immune system (43).

Visfatin stands out as a significant adipokine dis-
charged by adipose tissue (43, 44). Its levels notably
rise in individuals with obesity, largely due to
increased body mass index. In the context of obesity,
the adipocytes within adipose tissue undergo both
hypertrophy and hyperplasia, leading to the release of
various adipocytokines, including visfatin (44).
Notably, visfatin also functions as an enzyme known
as nicotinamide phosphoribosyl transferase, making it
a prominent adipokine that influences the body's
metabolic balance. Visfatin comes in two forms,
extracellular and intracellular, and exerts various
effects (44). Both direct and indirect evidence from in
vitro, in vivo, and clinical studies points to visfatin's
role in modulating pathophysiological processes relat-
ed to obesity and metabolic syndrome. These include
heightened inflammation, increased angiogenesis,
the synthesis of NAD mononucleotide, and the
upregulation of antiapoptotic proteins across various
cell types. Visfatin has been connected to several
metabolic alterations related to obesity, including dia-
betes, heart problems, and some forms of cancer (43,
44). At higher concentrations, visfatin attracts
immune cells, leading to chronic inflammation in
adipocytes. Furthermore, it induces insulin resistance
in numerous tissues and contributes to dysfunction in
pancreatic beta cells during later stages (44).

In this particular study, the serum levels of vis-
fatin were notably higher in both the AP and SAP
groups when compared to the control group.
Furthermore, the SAP group exhibited significantly
higher visfatin levels compared to the AP group.
Within the SAP group, patients who did not survive
had considerably higher levels of visfatin compared to
those who survived. As the therapy went on, the
serum visfatin levels steadily declined. According to
these results, monitoring visfatin levels may be an
essential marker for the early detection of SAP and
the evaluation of patients' prognoses (45).

Leptin, adiponectin, and resistin are only a few
of the adipocytokines that adipocytes in the fat tissue
around and inside the pancreas release. Resistin may
be able to detect peripancreatic necrosis early on and
determine the severity of AR according to certain
reports (13). If adipocytokine visfatin may potentially
serve as a precursor for foretelling peripancreatic
necrosis and the severity of the illness, that possibility
was looked into by Schéffler et al. (13). Visfatin levels
were shown to be strongly and positively connected
with clinical severity, as determined by ratings like the
APACHE-II and Ranson scores, as well as clinical out-
comes including death and the requirement for med-
ical treatments. At admission, visfatin levels were sig-
nificantly higher in patients with higher ratings for
necrosis in the pancreas and its surroundings. It was
shown by receiver operator characteristics that the
concentration of visfatin at admission had a positive
predictive value of 93.3% for predicting the severity of
peripancreatic necrosis. This was determined by
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using a cutoff value of 1.8 ng/mL and showed an
AUC of 0.89, indicating its reliability in this context
(p<0.001). Additionally, it exhibited a sensitivity of
93.3%, specificity of 81.8%, likelihood ratio of 5.1,
and post-test probability of 93%. As a result, admis-
sion visfatin concentration has the potential to be a
new and useful serum marker for diagnostic reasons
in clinical practice, serving as an early predictive sign
for peripancreatic necrosis and the clinical severity of
AP (13).

Hormones generated by fat tissue, resistin and
visfatin, have pro-inflammatory characteristics.
However, there has not been much research done on
their role in AP Resistin and IL-8 serum levels were
noticeably higher in AP patients on the day of admis-
sion compared to the control group, and they kept
increasing on the third and fifth days of hospitaliza-
tion. Serum visfatin levels in AP patients upon admis-
sion were also notably elevated compared to the con-
trol group and continued to increase on the third day
of hospitalization. By the fifth day, visfatin levels
decreased, though they remained higher than the ini-
tial admission levels. Correlations were observed
between visfatin and resistin levels, as well as between
C-reactive protein (CRP) levels and visfatin, resistin,
and IL-8 levels. Throughout AP visfatin and resistin
levels displayed a concurrent increase with CRP. This
suggests that these parameters could potentially serve
as additional tools for both the prognosis and moni-
toring of AP (46).

Tumor necrosis factor-alpha

Tumor necrosis factor-alpha (TNF-a) is a protein
composed of 157 amino acids arranged in a
homotrimer structure, primarily produced by activated
macrophages, T-lymphocytes, and natural killer cells
(47). TNF-a is a multifunctional cytokine that is noto-
rious for having negative impacts on several autoim-
mune and inflammatory illnesses. It is crucial in con-
trolling other proinflammatory cytokines, and
adhesion molecules on leukocytes, and it sets the
stage for the activation of immune cells. Among the
many different inflammatory cytokines, TNF-o is
widely recognized. Additionally, it was the first
adipokine identified as being generated by adipose
tissue, with its production influenced by obesity, and
suggested to play a role in metabolic disorders asso-
ciated with obesity (48).

TNF-a. has been implicated in the development
of AP in recent research, which has mostly relied on
animal models and laboratory investigations. In par-
ticular, it helps the organ dysfunction that is frequently
present in severe instances and the systemic advance-
ment of the inflammatory response. When determin-
ing the severity of AP and identifying patients at risk
for consequences such as multiple organ failure and
septic shock, healthcare practitioners utilize blood

concentrations of TNF-o. to measure the substance's
levels. TNF-a. is most helpful as a predictive tool in the
early stages of the disease, but because it is quickly
excreted from the bloodstream and its measurement
accuracy seems to be time-dependent, this is when
the disease first manifests itself. TNF-o. has also been
researched as a possible pancreatitis treatment tar-
get. Despite encouraging laboratory results, it might
be difficult to apply these findings in clinical settings,
especially given the inconsistent results of sepsis stud-
ies. Therefore, the timing of intervention in subse-
quent clinical trials examining TNF-a neutralization in
acute pancreatitis should be closely related to
changes in TNF-a serum levels, and inclusion and
exclusion criteria should be carefully defined to iden-
tify the population most likely to benefit from such
treatment (49).

The release of TNF-a is believed to have a sig-
nificant role in causing systemic effects in acute pan-
creatitis. However, it was not observed an increase in
plasma TNF-a levels in AP and the authors propose
that it may be susceptible to degradation by circulat-
ing pancreatic proteases. Plasma TNF-a level was
significantly lower in severe pancreatitis compared to
sham-operated controls at both 0.5 and 6 hours
after the onset of the condition. When exposed to
proteases, TNF-o. underwent degradation in the
presence of trypsin, elastase, and chymotrypsin, with
no observed effect when exposed to pepsin. There
was a concentration-dependent reduction in the
activity of recombinant rat TNF-a. (rrTNFa) when
pancreatic proteases were present and a complete
time-dependent inactivation in the presence of
trypsin. In summary, it indicated that plasma TNF-a
levels might not increase in experimental AP and in
fact, they were notably lower in SAP when compared
to sham-operated controls. Our findings also demon-
strate the degradation and inactivation of TNF-a by
pancreatic proteases, suggesting that TNF-o. was
unlikely to play a significant role in the development
of distant organ failure (50). Additionally, TNF-a is
an inflammatory cytokine and may be extremely
important in the emergence of systemic problems
linked to SAP. Another research looked at the possi-
bility of improving some biochemical parameters in a
rat model of AP by using a polyclonal antibody to
neutralize TNF-o.. Rats' bile ducts were injected with
synthetic bile to cause pancreatitis. It showed that
pretreatment with the polyclonal antibody signifi-
cantly improved all of the measured parameters
when compared to the animals with pancreatitis that
received the placebo. Moreover, TNF-a levels, which
were elevated in animals with pancreatitis, were sig-
nificantly reduced in the treated animals. These find-
ings suggest that TNF-o. might play a crucial role in
the development of the systemic complications asso-
ciated with SAP, and neutralizing TNF-a. with a poly-
clonal antibody could be a potential therapeutic
approach to mitigate these complications (51).
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Increased concentrations of TNF-a. were detect-
ed in a severe form of AP and this may play a role in
the physiological consequences of the condition. In
untreated animals with pancreatitis, there was a sig-
nificant surge in TNF-a activity in the bloodstream
during the first three hours after the onset of the dis-
ease. However, this TNF-o. surge was prevented by
prior treatment with an anti-TNF-o. antibody. These
observations offer a plausible explanation for the
improvements seen in various biochemical and histo-
logical parameters, as well as overall survival in an
experimental rat model (52). Also, TNF-a plays a role
in the progression of AP. Given its involvement in reg-
ulating apoptosis, it investigated how TNF-a interacts
with the apoptotic pathway in the pancreas. It
revealed that TNF-o simultaneously triggers both
proapoptotic and antiapoptotic mechanisms within
pancreatic AR4-2J cells. The antiapoptotic mecha-
nisms were mediated through NF-xB and mitogen-
activated protein (MAP) kinases, and one of the fac-
tors responsible for inhibiting apoptosis (53).

In cases of AP TNF-a levels were elevated com-
pared to the chronic form of the disease. However,
the authors did not find a significant correlation
between TNF-a concentrations and the severity of the
condition. To gain further clarity on this matter, addi-
tional research into other inflammatory markers and
acute phase reactants alongside TNF-o is warranted
(54). Proinflammatory cytokines such as TNF-a. and
IL-8 are believed to have a central role in the progres-
sion of SAP and the emergence of its systemic com-
plications, notably acute lung injury. It indicated that
TNF-a. and IL-8 may be involved in driving the transi-
tion of AP from a localized condition to a systemic dis-
order. It is worth considering experimental testing of
hydrocortisone following the induction of AP and its
clinical application as a preventive measure to miti-
gate the risk of SAP induced by endoscopic retro-
grade cholangiopancreatography (55).

The anti-inflammatory effects of apigenin in an
experimental model of AP were investigated. The
degree of inflammatory response was assessed by
examining the tissue expression of the cytokine TNF-q,
in addition to histological analysis. In the control group,
there was a significant increase in TNF-o. expression
over time after surgery. Conversely, in the apigenin-
treated group, there was a significant decrease in TNF-
o expression over time after surgery (p<0.013). At the
72-hour mark, apigenin not only reduced the expres-
sion of TNF-a in the pancreas, but also prevented pan-
creatic necrosis. These findings suggest that apigenin
can slow down the progression of AP and reduce its
severity. As such, apigenin may serve as a complemen-
tary component in a more effective therapeutic strategy
for the management of AP (56).

Heme oxygenase-1 (HO-1) is a responsive
defensive gene with a substantial role in inflamma-
tion. HO-1 serves as a protective mechanism for cells

and tissues by countering oxidative stress, sustaining
microcirculation, and suppressing inflammation.
Zhang et al. (57) investigate the impact of HO-1 on
the systemic inflammatory response observed in
severe acute pancreatitis. In the rat pancreas and
liver, SAP significantly triggered the expression of HO-
1 mRNA and protein. The administration of hemin
notably reduced oxidative stress and TNF-a levels in
both plasma and tissues, while increasing the levels of
IL-10. Furthermore, the damage inflicted on the pan-
creas and liver due to SAP was significantly mitigated
by hemin treatment. Conversely, the inhibition of HO-
1 expression through the administration of Zn-PP
exacerbated the injuries caused by severe AP The
induction of HO-1 during the early stages of severe
AP appears to modulate the systemic inflammatory
response, protecting against injuries to the pancreas
and neighbouring organs, such as the liver, through
the inhibition of TNF-a. and the enhancement of IL-
10 (57).

Retinol binding protein 4 (RBP4)

RBP4 is an adipokine secreted by hepatocytes
and belongs to lipocaline family (58). It is responsible
for the transportation of retinol (vitamin A) (58).
However, RBP4 also exhibits many cardiometabolic
properties, being associated with obesity, insulin resi-
stance, diabetes mellitus type 2 and related cardio-
metabolic complications (59-62).

Han et al. (63) showed a significant predictive
ability of RBP4 for severity of AP and related compli-
cations, i.e., acute lung injury (AUC=0.829) and
acute necrotic collection (AUC=0.821) in a study
that included nearly 1.900 patients with AP

Even though it is regarded that increased
abdominal obesity promotes pro-inflammatory milieu
in AP patients, RBP4 was not correlated with waist cir-
cumference (WC) in two studies conducted by Singh
et al. (64, 65), although significant and independent
correlation between RBP4 and WC was confirmed in
overweight/obese otherwise healthy population (66).

[t was shown that a synthetic derivative of
retinoic acid, i.e. fenretinide ameliorates glucose tol-
erance and insulin sensitivity (58), thus pointing out
that the medications that lower RBP4 exhibit meta-
bolically favorable properties. It is presumed that fen-
retinide activates retinoic acid receptors/retinoid-X
receptors pathways in tissues that exhibit active meta-
bolic processes, such as liver and adipose tissue (58).
These discoveries shed light on treatment modalities
for lowering RBP4 in AP

Lipocalin-2

Besides RBP4, lipocalin-2 (LCN-2) is another
protein that belongs to the lipocalin family which also
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plays a significant role in obesity-related diseases
(64). LCN-2 can also be found in literature as human
neutrophil lipocalin, neutrophil gelatinase-associated
lipocalin (NGAL) and siderocalin (67). Activated neu-
trophils in an inflammatory state are the source of
LCN-2 secretion (67). Consequently, LCN-2 gets
linked with siderophores (i.e., bacterial iron-binding
protein) which enables prevention of bacterial infec-
tions due to its bacteriostatic properties.

Singh et al. (64) showed significant correlation
between serum LCN-2 and WC in a total of 92
patients after AP. They also confirmed that alcohol
consumption can additionally aggravate the dysfunc-
tion of adipose tissue. Another study by Singh et al.
(68) confirmed that LCN-2 is an indicator of fatty
pancreas, but not fatty liver. The association between
LCN-2 and fatty pancreas was independent of central
adiposity and insulin resistance (68).

LCN-2 is proposed as an early biomarker of SAP
(69), being several times higher in SAP as compared
to mild AP (MAP) and showing 100% sensitivity and
specificity in discriminating SAP from MAP during the
first 48 hours. A significant relationship of LPN-2 with
fatal outcome was also shown (69).

Serum and urine LCN-2 levels were found to be
higher in patients with AP on day 1 as compared to
controls (70). Serum and urine LCN-2 concentration
can serve as predictors of AP severity and develop-
ment of its complications, such as AKI (70). Similarly,
Lipinski et al. (71) measured urine LCN-2 levels on
admission and within the first 24 hours in 104
patients with AP and confirmed an increasing trend in
AP mortality (AUC=0.980 and 0.920, respectively)
and severity (AUC=0.750 and 0.930, respectively) in
parallel with increasing urinary LCN-2 levels.

Inhibitors of expression of LCN-2, i.e., thiazo-
lidinediones (e.g., rosiglitazone and pioglitazone)
exhibit anti-inflammatory and insulin-sensitizing prop-
erties and show promising therapeutic potential in
lowering LCN-2 (72).

Vaspin

Adipokine vaspin (i.e. visceral adipose tissue-
derived serpin protease inhibitor) is a member of the
serpin superfamily, secreted by visceral and subcuta-
neous adipose tissues (73).

The anti-inflammatory properties of vaspin have
been attributed to its capability for inhibition of the
expression of proinflammatory adhesion molecules,
such as E-selectin, vascular cell adhesion molecule 1
(VCAM-1), intercellular adhesion molecule 1 (ICAM-
1), and monocyte chemoattractant protein 1 (MCP-1)
via inhibition of NF-kB signaling pathways (74, 75).

The anti-inflammatory and insulin-sensitizing
properties of vaspin are assumed to be a compensa-

tory process due to insulin resistant state (73).
However, the results in literature are discrepant.
Some studies showed higher serum vaspin levels in
obesity and diabetes mellitus type 2, whereas the oth-
ers claim its lower levels in mentioned disorders point-
ing out the favorable properties in obesity-related dis-
orders (73).

Sing et al. (76) showed that patients with central
obesity exhibited higher insulin resistance. The
authors explored the relationship between central adi-
posity and several insulin resistance indices (e.g.,
among them HOMA-IR and HOMA-vaspin) in 92
patients after AP episode. The AUC for HOMA-IR and
HOMA-vaspin were 0.698 and 0.735, respectively,
showing good concordance between these two
insulin resistance indices (76).

The modulation of the metabolism of lipids is
another feature attributed to vaspin properties (77).
The administration of vaspin led to a decrease in free
fatty acid concentration and triglycerides and forced
the cholesterol efflux in macrophages thanks to its
ability to upregulate the ATP-binding cassette trans-
porter A1 (ABCA1) (77). A recent study has shown
that the administration of atorvastatin led to an
increase in vaspin, but future investigations for the
therapeutic treatment of this adipokine are required

(78).

Omentin-1

Omentin or intelectin is secreted by visceral adi-
pose tissue in two isoforms, i.e. omentin-1 and
omentin-2. Omentin-1 is the major isoform in circu-
lation (79). Lower levels of omentin-1 are shown in
obesity-related disorders (73, 80). Anti-inflammatory,
anti-atherogenic and insulin-sensitizing properties
(73, 79) make omentin-1 as a promising biomarker
for future trials of tissue-specific insulin resistance. In
line with this, Sing et al. (76) showed good agree-
ment between the AUC for HOMA-IR and HOMA-
omentin-1 (AUC=0.698 and 0.756, respectively) in
individuals after an AP episode.

Blood levels of omentin-1 were measured in an
animal study that included a rat model of 8 controls,
AP and chronic pancreatitis, respectively (81). Higher
omentin-1 levels were observed in AP rats as com-
pared to controls, as well as in chronic pancreatitis as
compared to both, AP and control rats (81).

McKenzie et al. (82) explored the influence of
enteral nutrition on adipokines in the AP course and
showed an increase in omentin-1 levels due to enteral
nutrition. The proposed explanation for such results
was the favorable properties of omentin-1 via anti-
inflammatory and insulin signaling pathways and,
hence, diminishing insulin resistance and better blood
glucose control (82). Similarly as for vaspin, it was
also shown that atorvastatin leads to increase in
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omentin-1 levels in circulation, although the mecha-
nisms that underlie these effects are not well under-
stood (78).

Asprosin

Asprosin is a relatively novel diabetogenic
adipokine secreted mainly by white adipose tissue,
and to a lesser extent by pancreatic B-cells, salivary
glands, and cartilage. White adipose tissue secretes
asprosin during a fasting state (83). It favours orexi-
genic and glucogenic properties (i.e. by induction of
hepatic glucose production) (83, 84).

The therapeutic ability of asprosin inhibition for
the treatment of obesity-related disorders is a promis-
ing target. It was recently shown that anti-asprosin
monoclonal antibodies lead to decreased appetite,
lowering blood glucose, and body weight loss and
future researches are needed to enlighten asprosins’
signaling pathways and its receptors (84).

Adipsin

Adipsin is an adipokine that belongs to the
family of serine proteases with a molecular weight of
28 kDa (85). It is regarded as a biomolecule that
maintains the homeostasis of adipose tissue. Another
property attributed to adipsin is its ability to increase
the secretion of insulin in response to high glucose
levels (73, 85). Furthermore, adipsin has an impor-
tant role in the catalyzation of C3a, which is an active
form of C3 component that leads to consequent
enhanced pancreatic insulin secretion (73, 86).
Studies show that familial C3 deficiency is linked with
obesity-related diseases, with C3a values being the
risk factor for diabetes mellitus type 2 (85). A few
studies reported higher adipsin levels in patients with
type 2 diabetes as compared to controls (86, 87).
However, some other human and animal studies
showed lower levels of adipsin in type 2 diabetes (85),
thus suggesting that this adipokine could increase
insulin sensitivity and diminish glucose intolerance
in patients with diabetes by its ability to enhance
insulin secretion via C3a production. C3a acts on the
pancreatic islet cells by increasing C3a receptor and
ATP-sensitive K+ channel inhibition, with a conse-
quent increase in intracellular Ca2+ levels (85).

Due to the ability of adipsin to inhibit lipolysis
and to favor the transport of glucose for the accumu-
lation of triglycerides in adipose tissue, this adipokine
might be a novel therapeutic target in obesity-related
disorders (73, 85).

Apelin

Apelin is a peptide that serves as a ligand of the
APJ receptor. Its therapeutic abilities might be favor-

able for insulin resistance treatment, although in can-
cer exerts unfavorable effects, by stimulating the
tumor growth (88). Apelin exhibits an impact on
exocrine secretion of pancreas, as well as anti-inflam-
matory activities (89).

The exposure of this peptide can exhibit a pro-
tective impact in chronic pancreatitis, by decreasing
the inflammation and the stage of fibrosis and cells
degeneration in the pancreas (89).

Previous study showed that apelin inhibited the
activation of NF-xB which could be the proposed
mechanism for diminished values of pro-inflammato-
ry cytokines in the pancreas of mice with chronic pan-
creatitis that were administered apelin (90).
Accordingly, the pancreatic up-regulation of tumor
necrosis factor o, ICAM and IL-1B, were blocked by
apelin (90). These findings proposed new a approach
to the treatment of pancreatitis.

Progranulin

Progranulin (PGRN), also known as granulin-
epithelin precursor, proepithelin, or acrogranin is pro-
tein mainly expressed in neurons, adipocytes and
immune cells (91). It has several properties in the
body, such as cancer growth, tissue remodeling and
wound repair (73, 91). Animal models showed a
direct bound of PGRN to tumor necrosis factor recep-
tor (TNFR), thus leading to inhibition of activation of
neutrophils and limiting the bond between TNFR and
TNF-a. Consequently, this protein can lead to the
inhibition of TNF-a.-promoted activation of the MAPK
and NF-kB and signaling pathways (73).

The role of PGRN in obesity-related disorders
has been recently described (73), showing its higher
levels in obesity and insulin-resistant state in the
majority of studies.

High-fat diet enhanced the expression of PGRN
the adipose tissue of rodents (91). It is related to
weight loss and suppression of appetite and weight
loss the hypothalamus (92). However, PGRN exerts
similar effects as leptin in obesity. Namely, resistance
to this protein in the hypothalamus promotes hyper-
phagia (92). The proposed mechanisms of PGRN
action are connected with an increase in proopiome-
lanocortin and a decrease in Agouti-related peptide
and neuropeptide Y (92). Animal models showed that
exposure to PGRN inhibited body weight gain, where-
as the inhibition of hypothalamic expression of this
protein lead to an increase in weight gain (92).

Conclusion

This article concludes that adipokines play a sig-
nificant role in the pathogenesis of AP It is significant
to highlight that there is a complicated link between
adipokines and AP, and ongoing research is elucidating
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their specific functions in the illness process. Factors
such as the patient's overall health, the timing of
adipokines measurements, and the specific adipokines
involved can all impact their effects in AP Adipokines
could be the promising biomarkers for both diagnostic
and new therapeutic treatment strategies in AP
Therefore, healthcare professionals and researchers
need to continue studying this area to develop better
strategies for managing and treating AP

Acknowledgement

This work was financially supported in part by a
grant from the Ministry of Education, Science and
Innovations, Montenegro.

References

1.Shu W, Wan J, Chen J, He W, Zhu Y, Lu N, Xia L.
Elevated arterial lactate level as an independent risk fac-
tor for pancreatic infection in moderately severe acute
pancreatitis. Pancreatology 2019; 19: 653-7.

2. Portelli M, Jones CD. Severe acute pancreatitis: patho-
genesis, diagnosis and surgical management. Hepato-
biliary Pancreat Dis Int 2017; 16: 155-9.

3. Lee AHH, Lee WS, Anderson D. Severe pancreatitis
complicated by abdominal compartment syndrome man-
aged with decompressive laparotomy: a case report.
BMC Surg 2019; 19: 113.

4. Li H, Yan K. Comparison of death risk predictions of 192
patients with severe acute pancreatitis by acute physio-

logical function and chronic health status scoring system
Il and IV. Chin J Digestol 2016; 36: 177-81.

5. Fasshauer M, Bliher M. Adipokines in health and dis-
ease. Trends Pharmacol Sci 2015; 36(7): 461-70.

6. Lau WB, Ohashi K, Wang Y, Ogawa H, Murohara T, Ma
XL, Ouchi N. Role of adipokines in cardiovascular dis-
ease. Circulation Journal 2017; 81(7): 920-8.

7. Premkumar R, Phillips AR, Petrov MS, Windsor JA. The
clinical relevance of obesity in acute pancreatitis: target-
ed systematic reviews. Pancreatology 2015; 15(1): 25—
33.

8. Noel P Patel K, Durgampudi C, Trivedi RN, de Oliveira C,
Crowell MD, Pannala R, Lee K, Brand R, Chennat J,
Slivka A, Papachristou Gl, Khalid A, Whitcomb DC,
Delany JB Cline RA, Acharya C, Jaligama D, Murad FM,
Yadav D, Navina S, Singh VP Peripancreatic fat necrosis
worsens acute pancreatitis independent of pancreatic
necrosis via unsaturated fatty acids increased in human
pancreatic necrosis collections. Gut 2016; 65(1): 100-
1.

9. Meyrignac O, Lagarde S, Bournet B, Mokrane FZ,
Buscail L, Rousseau H, Otal P Acute pancreatitis: extra-

pancreatic necrosis volume as early predictor of severity.
Radiology 2015; 276(1): 119-28.

10. Karpavicius A, Dambrauskas Z, Gradauskas A, Samuilis
A, Zviniene K, Kupcinskas J, Brimas G, Meckovski A,

Financial Support

None.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

Sileikis A, Strupas K. The clinical value of adipokines in
predicting the severity and outcome of acute pancreatitis.
BMC Gastroenterol 2016; 16(1): 99.

11. Sharma A, Muddana V, Lamb J, Greer J, Papachristou Gl,
Whitcomb DC. Low serum adiponectin levels are associ-
ated with systemic organ failure in acute pancreatitis.
Pancreas 2009; 38: 907-12.

12. Schéffler A, Landfried K, Volk M, Furst A, Buchler C,
Schélmerich J, Herfarth H. Potential of adipocytokines in
predicting peripancreatic necrosis and severity in acute
pancreatitis: pilot study. J Gastroenterol Hepatol 2007;
22: 326-34.

13. Schéffler A, Hamer O, Dickopf J, Goetz A, Landfried K,
Voelk M, Herfarth H, Kopp A, Buichler C, Schélmerich J,
Briinnler T. Admission resistin levels predict peripancreat-
ic necrosis and clinical severity in acute pancreatitis. Am
J Gastroenterol 2010; 105: 2474-84.

14. Schéffler A, Hamer OW, Dickopf J, Goetz A, Landfried K,
Voelk M, Herfarth H, Kopp A, Buechler C, Schélmerich
J, Briinnler T. Admission visfatin levels predict pancreatic
and peripancreatic necrosis in acute pancreatitis and cor-
relate with clinical severity. Am J Gastroenterol 2011;
106: 957-67.

15. Turko lu A, Béyuk A, Tanniverdi MH, Ganduiz E, Dusak A,
Kaplan , Gimi M. The potential role of BMI, plasma
leptin, nesfatin-1 and ghrelin levels in the early detection
of pancreatic necrosis and severe acute pancreatitis: a
prospective cohort study. Int J Surg 2014; 12(12):
1310-3.

16. Panek J, Bonior J, Pieton J, Jaworek J. Serum leptin and
ghrelin levels in patients in the early stages of acute bil-
iary pancreatitis and different degrees of severity. Pol
Przegl Chir 2014; 86(5): 211-7.

17.Yu X, Zhang N, Wu J, Zhao Y, Liu C, Liu G. Predictive
value of adipokines for the severity of acute pancreatitis:
a meta-analysis. https://doi.org/10.21203/rs.3.rs-
2769468/v1

18. Karpavicius A, Dambrauskas Z, Sileikis A, Vitkus D,
Strupas K. Value of adipokines in predicting the severity



14

Rafagat et al.: Adipokines in acute pancreatitis

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

of acute pancreatitis: comprehensive review. World J
Gastroenterol 2012; 18(45): 6620-7.

Wos-Wroniewicz E, Caban M, Malecka-Panas E. Role of
adipokines in the assessment of severity and predicting
the clinical course of acute pancreatitis. J Physiol
Pharmacol 2020; 71(5). doi: 10.26402/jpp.2020.5.01.

Kadomatsu T, Endo M, Miyata K, Oike Y. Diverse roles of
ANGPTL2 in physiology and pathophysiology. Trends
Endocrinol Metab 2014; 25: 245-54.

Tabata M, Kadomatsu T, Fukuhara S, Miyata K, Ito Y,
Endo M, Urano T, Zhu HJ, Tsukano H, Tazume H, Kaikita
K, Miyashita K, Iwawaki T, Shimabukuro M, Sakaguchi K,
lto T, Nakagata N, Yamada T, Katagiri H, Kasuga M,
Ando Y, Ogawa H, Mochizuki N, ltoh H, Suda T, Oike Y.
Angiopoietin-like protein 2 promotes chronic adipose tis-
sue inflammation and obesity-related systemic insulin
resistance. Cell Metab 2009; 10: 178-88.

Whitcomb DC, Muddana V, Langmead CJ, Houghton FD
Jr, Guenther A, Eagon PK, Mayerle J, Aghdassi AA, Weiss
FU, Evans A, Lamb J, Clermont G, Lerch MM,
Papachristou Gl. Angiopoietin-2, a regulator of vascular
permeability in inflammation, is associated with persist-
ent organ failure in patients with acute pancreatitis from
the United States and Germany. Am J Gastroenterol
2010; 105: 2287-92.

Sporek M, Dumnicka P Gala-Bladzinska A, Ceranowicz P
Warzecha Z, Dembinski A, Stepien E, Walocha J, Drozdz
R, Kuzniewski M, Kusnierz-Cabala B. Angiopoietin-2 is
an early indicator of acute pancreatic-renal. Mediators
Inflamm 2016; 2016: 5780903.

LvY, Yao Y, Liu Q, Lei J. Accuracy of angiopoietin-2 for
predicting organ failure in patients with acute pancreati-
tis: a systematic review and meta-analysis. J Int Med Res
2021; 49(2): 300060520986708.

Jaworek J, Szklarczyk J, Kot M, Géralska M, Jaworek A,
Bonior J, Leja-Szpak A, Nawrot-Por bka K, Link-
Lenczowski P Ceranowicz P Galazka K. Chemerin allevi-
ates acute pancreatitis in the rat thorough modulation of
NF-kB signal. Pancreatology 2019; 19(3): 401-8.

Owen BM, Mangelsdorf DJ, Kliewer SA. Tissue-specific
actions of the metabolic hormones FGF15/19 and
FGF21. Trends Endocrinol Metab 2015; 26(1): 22-9.

Ogawa Y, Kurosu H, Yamamoto M, Nandi A, Rosenblatt
KP Goetz R, Eliseenkova AV, Mohammadi M, Kuro-o M.
BetaKlotho is required for metabolic activity of fibroblast
growth factor 21. Proc Natl Acad Sci U S A 2007;
104(18): 7432-7.

Cuevas-Ramos D, Mehta R, Aguilar-Salinas CA.
Fibroblast growth factor 21 and browning of white adi-
pose tissue. Front Physiol 2019; 10: 37.

Lin Z, Tian H, Lam KS, Lin S, Hoo RC, Konishi M, Itoh
N, Wang Y, Bornstein SR, Xu A, Li X. Adiponectin medi-
ates the metabolic effects of FGF21 on glucose home-
ostasis and insulin sensitivity in mice. Cell Metab 2013;
17(5): 779-89.

Chen Q, Li J, Ma J, Yang X, Ni M, Zhang V¥, Li X, Lin Z,
Gong F. Fibroblast growth factor 21 alleviates acute pan-
creatitis via activation of the Sirt1-autophagy signalling
pathway. J Cell Mol Med 2020; 24(9): 5341-51.

31.

32.

33.

34.

35.

36.

37.

38.

39

40

a1.

42.

43.

44.

45.

Hernandez G, Luo T, Javed TA, Wen L, Kalwat MA, Vale
K, Ammouri F, Husain SZ, Kliewer SA, Mangelsdorf DJ.
Pancreatitis is an FGF21-deficient state that is corrected
by replacement therapy. Sci Transl Med 2020; 12(525):
eaay5186.

Shenoy VK, Beaver KM, Fisher FM, Singhal G, Dushay
JR, Maratos-Flier E, Flier SN. Elevated serum fibroblast
growth factor 21 in humans with acute pancreatitis. PLoS
One 2016; 11(11): e0164351.

Icer MA, Gezmen-Karadag M. The multiple functions
and mechanisms of osteopontin. Clin Biochem 2018;
59: 17-24.

Clemente N, Raineri D, Cappellano G, Boggio E, Favero
F, Soluri MF, Dianzani C, Comi C, Dianzani U, Chiocchetti
A. Osteopontin Bridging Innate and Adaptive Immunity
in Autoimmune Diseases. J Immunol Res 2016; 2016:
7675437.

Kazanecki CC, Uzwiak DJ, Denhardt DT. Control of
osteopontin signaling and function by post translational
phosphorylation and protein folding. J Cell Biochem
2007; 102(4): 912-24.

Omar B, Banke E, Guirguis E, Akesson L, Manganiello V,
Lyssenko V, Groop L, Gomez MF, Degerman E.
Regulation of the pro-inflammatory cytokine osteopontin
by GIP in adipocytes--a role for the transcription factor
NFAT and phosphodiesterase 3B. Biochem Biophys Res
Commun 2012; 425(4): 812-7.

Frangogiannis NG. Matricellular proteins in cardiac adap-
tation and disease. Physiol Rev 2012; 92(2): 635-88.

Mazzali M, Kipari T, Ophascharoensuk V, Wesson JA,
Johnson R, Hughes J. Osteopontin--a molecule for all
seasons. QJM 2002; 95(1): 3-13.

. Ashkar S, Weber GF, Panoutsakopoulou V, Sanchirico

ME, Jansson M, Zawaideh S, Rittling SR, Denhardt DT,
Glimcher MJ, Cantor H. Eta-1 (osteopontin): an early
component of type-1 (cell-mediated) immunity. Science
2000; 287(5454): 860-4.

. Gimba ER, Tilli TM. Human osteopontin splicing iso-

forms: known roles, potential clinical applications and
activated signaling pathways. Cancer Lett 2013; 331(1):
11-7.

Wirestam L, Nyberg PB, Dzhendov T, Gasslander T,
Sandstrom P, Sjowall C, Bjérnsson B. Plasma Osteopontin
Reflects Tissue Damage in Acute Pancreatitis. Bio-
medicines 2023; 11(6): 1627.

Swird P Bertilsson S, Struglics A, Kalaitzakis E. Serum
Osteopontin Is Associated with Organ Failure in Patients
with Acute Pancreatitis. Pancreas 2018; 47(3): e7-10.

Lin RH, Lin Y. Study on the correlation between serum
visfatin and SOD in patients with carotid atherosclerosis.
Exp Lab Med 2018; 36: 539-40.

Kumari B, Yadav UCS. Adipokine Visfatin's Role in
Pathogenesis of Diabesity and Related Metabolic
Derangements. Curr Mol Med 2018; 18(2): 116-25.

Mao H, LiY, Hu Y. Changes of serum high mobility group
box-1, heat shock protein 70, ghrelin and visfatin levels
and its clinical significance in patients with severe acute
pancreatitis. Acta Medica Mediterr 2020; 36(3): 1533—
7.



J Med Biochem 2024; 43

15

46.

a7.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Daniel P Le niowski B, Mokrowiecka A, Jasiska A,
Pietruczuk M, Matecka-Panas E. Circulating levels of vis-
fatin, resistin and pro-inflammatory cytokine interleukin-
8 in acute pancreatitis. Pancreatology 2010; 10(4):
477-82.

Horiuchi T, Mitoma H, Harashima SI, Tsukamoto H,
Shimoda T. Transmembrane TNF-a.: structure, function
and interaction with anti-TNF agents. Rheumatology
2010; 49(7): 1215-28.

Sethi JK, Hotamisligil GS. Metabolic messengers: tumour
necrosis factor. Nature Metab 2021; 3(10): 1302-12.

Malleo G, Mazzon E, Siriwardena AK, Cuzzocrea S. Role
of tumor necrosis factor-alpha in acute pancreatitis: from
biological basis to clinical evidence. Shock 2007; 28(2):
130-40.

Alsfasser G, Antoniu B, Thayer SPB Warshaw AL,
Fernandez-del Castillo C. Degradation and inactivation of
plasma tumor necrosis factor-alpha by pancreatic pro-

teases in experimental acute pancreatitis. Pancreatology
2005; 5(1): 37-43.

Grewal HP el Din AM, Gaber L, Kotb M, Gaber AQ.
Amelioration of the physiologic and biochemical changes
of acute pancreatitis using an anti-TNF-o. polyclonal anti-
body. Am J Surg 1994; 167(1): 214-9.

Hughes CB, Grewal HP Gaber LW, Kotb M, Mann L,
Gaber AO. Anti-TNFo therapy improves survival and
ameliorates the pathophysiologic sequelae in acute pan-
creatitis in the rat. Am J Surg 1996; 171(2): 274-80.

Malka D, Vasseur S, Bddeker H, Ortiz EM, Dusetti NJ,
Verrando P Dagorn JC, lovanna JL. Tumor necrosis factor
o triggers antiapoptotic mechanisms in rat pancreatic
cells through pancreatitis-associated protein | activation.
Gastroenterology 2000; 119(3): 816-28.

Kiyicr A, Ibis M, Akbulut S, Kékli S, Ucar E, Unli A.
Serum TNF-alpha levels in acute and chronic pancreati-
tis. Eur J Gen Med 2009; 6(2): 103-7.

Osman MO, Jacobsen NO, Kristensen JU, Larsen CG,
Jensen SL. Beneficial effects of hydrocortisone in a model
of experimental acute pancreatitis. Digestive Surgery
1999; 16(3): 214-21.

Charalabopoulos A, Davakis S, Lambropoulou M,
Papalois A, Simopoulos C, Tsaroucha A. Apigenin exerts
anti-inflammatory effects in an experimental model of
acute pancreatitis by down-regulating TNF-o.. In Vivo
2019; 33(4): 1133-41.

Zhang FH, Sun YH, Fan KL, Dong XB, Han N, Zhao H,
Kong L. Protective effects of heme oxygenase-1 against
severe acute pancreatitis via inhibition of tumor necrosis
factor-a. and augmentation of interleukin-10. BMC
Gastroenterol 2017; 17(1): 100.

Steinhoff JS, Lass A, Schupp M. Retinoid Homeostasis
and Beyond: How Retinol Binding Protein 4 Contributes
to Health and Disease. Nutrients 2022; 14(6): 1236.

Klisic A, Kavaric N, Jovanovic M, Soldatovic |, Gligorovic-
Barhanovic N, Kotur-Stevuljevic J. Bioavailable testos-
terone is independently associated with fatty liver index in
postmenopausal women. Arch Med Sci 2017; 5(13):
1188-96.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Klisic A, Kavaric N, Kotur-Stevuljevic J, Ninic A. Serum
soluble transferrin receptor levels are independently asso-
ciated with homeostasis model assessment of insulin
resistance in adolescent girls. Arch Med Sci 2023; 19(4):
987-94.

Klisic A, Kavaric N, Ninic A. Retinol-binding protein 4
versus albuminuria as predictors of estimated GFR
decline in patients with type 2 diabetes. J Res Med Sci
2018; 23: 44.

Klisic A, Kavaric N, Soldatovic |, Ninic A, Kotur-
Stevuljevic J. Retinol-binding protein 4 better correlates

with metabolic syndrome than cystatin C. J Lab Med
2019; 43(1): 29-34.

Han X, Ni J, Li B, Bao J, Wan R, Hu G, Chen C.
Predictive value of serum retinol binding protein in sever-
ity and complications of acute pancreatitis: a retrospec-
tive cohort study. Scand J Gastroenterol 2023: 1-8. doi:
10.1080/00365521.2023.2249570.

Singh RG, Pendharkar SA, Plank LD, Petrov MS. Role of
human lipocalin proteins in abdominal obesity after
acute pancreatitis. Peptides 2017; 91: 1-7.

Singh RG, Pendharkar SA, Gillies NA, Miranda-Soberanis
V, Plank LD, Petrov MS. Associations between circulating
levels of adipocytokines and abdominal adiposity in
patients after acute pancreatitis. Clin Exp Med 2017;
17(4): 477-87.

Klisic A, Kavaric N, Bjelakovic B, Soldatovic |, Martinovic
M, Kotur-Stevuljevic J. The association between retinol-
binding protein 4 and cardiovascular risk score is mediat-
ed by waist circumference in overweight/obese adoles-
cent girls. Acta Clin Croat 2017; 56: 92-8.

Meher S, Mishra TS, Sasmal PK, Rath S, Sharma R, Rout
B, Sahu MK. Role of Biomarkers in Diagnosis and
Prognostic Evaluation of Acute Pancreatitis. J Biomark
2015; 2015: 519534.

Singh RG, Nguyen NN, Cervantes A, Kim JU, Stuart CE,
Petrov MS. Circulating levels of lipocalin-2 are associated
with fatty pancreas but not fatty liver. Peptides 2019;
119: 170117.

Chakraborty S, Kaur S, Muddana V, Sharma N, Wittel
UA, Papachristou Gl, Whitcomb D, Brand RE, Batra SK.
Elevated serum neutrophil gelatinase-associated lipo-
calin is an early predictor of severity and outcome in
acute pancreatitis. Am J Gastroenterol 2010; 105(9):
2050-9.

Siddappa PK, Kochhar R, Sarotra P Medhi B, Jha V,
Gupta V. Neutrophil gelatinase-associated lipocalin: An
early biomarker for predicting acute kidney injury and
severity in patients with acute pancreatitis. JGH Open
2018; 3(2): 105-10.

Lipinski M, Rydzewska-Rosolowska A, Rydzewski A,
Rydzewska G. Urinary neutrophil gelatinase-associated
lipocalin as an early predictor of disease severity and mor-
tality in acute pancreatitis. Pancreas 2015; 44(3): 448-
52.

Jaberi SA, Cohen A, D'Souza C, Abdulrazzag YM, Ojha
S, Bastaki S, Adeghate EA. Lipocalin-2: Structure, func-
tion, distribution and role in metabolic disorders. Biomed
Pharmacother 2021; 142: 112002.



16

Rafagat et al.: Adipokines in acute pancreatitis

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

L rincz H, Somodi S, Ratku B, Harangi M, Paragh G.
Crucial Regulatory Role of Organokines in Relation to
Metabolic Changes in Non-Diabetic Obesity. Metabolites
2023; 13(2): 270.

Phalitakul S, Okada M, Hara Y, Yamawaki H. Vaspin pre-
vents TNF-a-induced intracellular adhesion molecule-1
via inhibiting reactive oxygen species-dependent NF-kB
and PKC activation in cultured rat vascular smooth mus-
cle cells. Pharmacol Res 2011; 64(5): 493-500.

Zieger K, Weiner J, Krause K, Schwarz M, Kohn M,
Stumvoll M, Bluher M, Heiker JT. Vaspin suppresses
cytokine-induced inflammation in 3T3-L1 adipocytes via
inhibition of NFkB pathway. Mol Cell Endocrinol 2018;
460: 181-8.

Singh RG, Pendharkar SA, Cervantes A, Cho J, Miranda-
Soberanis V, Petrov MS. Abdominal obesity and insulin
resistance after an episode of acute pancreatitis. Dig
Liver Dis 2018; 50(10): 1081-7.

Gao JH, Zeng MY, Yu XH, Zeng GF, He LH, Zheng XL,
Zhang DW, Ouyang XP, Tang CK. Visceral adipose tissue-
derived serine protease inhibitor accelerates cholesterol
efflux by up-regulating ABCA1 expression via the NF-
kB/miR-33a pathway in THP-1 macropahge-derived
foam cells. Biochem Biophys Res Commun 2018;
500(2): 318-24.

Kadoglou NPE, Kassimis G, Patsourakos N, Kanonidis I,
Valsami G. Omentin-1 and vaspin serum levels in
patients with pre-clinical carotid atherosclerosis and the
effect of statin therapy on them. Cytokine 2021; 138:
155364.

Hussein AA, Ahmed NA, Sakr HI, Atia T, Ahmed OM.
Omentin roles in physiology and pathophysiology: an up-
to-date comprehensive review. Arch Physiol Biochem
2023; 1-14. doi: 10.1080/13813455.2023.2283685.

Zhang Q, Chen S, Ke Y, Li Q, Shen C, Ruan Y, Wu K, Hu
J, Liu S. Association of circulating omentin level and
metabolic-associated fatty liver disease: a systematic

review and meta-analysis. Front Endocrinol (Lausanne)
2023; 14: 1073498.

Sit M, Aktas G, Yilmaz EE, Alcelik A, Terzi EH, Tosun M.
Effects of the inflammatory response on serum omentin
levels in early acute and chronic pancreatitis. Clin Ter
2014, 165(2): e148-52.

McKenzie SJ, Premkumar R, Askelund KJ, Pendharkar
SA, Phillips AR, Windsor JA, Petrov MS. The effect of
enteral nutrition on adipokines in patients with acute
pancreatitis. J Nutr Sci 2015; 4: e33.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Farrag M, Ait Eldjoudi D, Gonzdlez-Rodriguez M,
Cordero-Barreal A, Ruiz-Fernandez C, Capuozzo M,
Gonzalez-Gay MA, Mera A, Lago F, Soffar A, Essawy A,
Pino J, Farrag Y, Gualillo O. Asprosin in health and dis-
ease, a new glucose sensor with central and peripheral
metabolic effects. Front Endocrinol (Lausanne) 2023;
13:1101091.

Hoffmann JG, Xie W, Chopra AR. Energy Regulation
Mechanism and Therapeutic Potential of Asprosin.
Diabetes 2020; 69(4): 559-66.

Tafere GG, Wondafrash DZ, Zewdie KA, Assefa BT, Ayza
MA.. Plasma Adipsin as a Biomarker and Its Implication in
Type 2 Diabetes Mellitus. Diabetes Metab Syndr Obes
2020; 13: 1855-61.

Milek M, Moulla Y, Kern M, Stroh C, Dietrich A, Schén
MR, Giartner D, Lohmann T, Dressler M, Kovacs P
Stumvoll M, Bliher M, Guiu-Jurado E. Adipsin Serum
Concentrations and Adipose Tissue Expression in People
with Obesity and Type 2 Diabetes. Int J Mol Sci 2022;
23(4): 2222.

Klimontov VV, Bulumbaeva DM, Bgatova NP et al.
Serum adipokine concentrations in patients with type 2
diabetes: the relationships with distribution, hypertrophy
and vascularization of subcutaneous adipose tissue.
Diabetes mellitus 2019; 22(4): 336-47.

Antushevich H, Wéjcik M. Review: Apelin in disease. Clin
Chim Acta 2018; 483: 241-8.

Han S, Englander EW, Gomez GA, Aronson JF, Rastellini
C, Garofalo RR Kolli D, Quertermous T, Kundu R,
Greeley GH Jr. Pancreatitis activates pancreatic apelin-
APJ axis in mice. Am J Physiol Gastrointest Liver Physiol
2013; 305(2): G139-50.

Han S, Englander EW, Gomez GA, Greeley GH Jr. Apelin
Regulates Nuclear Factor-kB’s Involvement in the
Inflammatory Response of Pancreatitis. Pancreas 2017;
46(1): 64-70.

Nicoletto BB, Sarmento RA, Pedrollo EF, Krolikowski TC,
Canani LH. Association between progranulin serum lev-
els and dietary intake. PLoS One 2018; 13(8):
e0202149.

Kim HK, Shin MS, Youn BS, Namkoong C, Gil SY, Kang
GM, et al. Involvement of progranulin in hypothalamic
glucose sensing and feeding regulation. Endocrinology
2011; 152: 4672-82.

Received: October 17, 2023
Accepted: December 22, 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


