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 Background: Acute pancreatitis (AP) is a symptom of sudden pancreas inflammation, which causes patients severe suffering. 
In general, fibroblast growth factor (FGF) levels are increased and amylase and lipase activities are elevated 
during AP pathogenesis, but protein concentration are low. However, the mechanism through which FGF sig-
naling regulates AP pathogenesis remains elusive.

 Material/Methods: The concentrations of PGE2, TNF-a, sCRP, FGF1, and FGF2 in the serum samples of the AP group and healthy 
control group were detected by enzyme-linked immunosorbent assay. In addition, IkBa and p-IkBa levels were 
analyzed in the serum samples. Subsequently, the AP rat model was established, and FGF1, FGF2, anti-FGF1, 
and anti-FGF2 antibodies and Bay11-7082 were injected into AP rats. TNF-a, PAI-1 JNK, p-JNK, IkBa, and p-IkBa 
levels were also examined.

 Results: Results showed that levels of PGE2, TNF-a, sCRP, p-IkBa, FGF1, and FGF2, as well as amylase and lipase activ-
ity were increased in patients with AP compared with those in healthy people. In addition, protein concentra-
tions were lower in patients with AP than in the healthy group. Activation of FGF signaling by injecting FGF1 or 
FGF2 also inhibited AP-induced inflammation response in the pancreas and increased amylase and lipase ac-
tivities, as well as protein concentration. However, the injection of FGF1 and FGF2 antibodies accelerated AP-
mediated inflammation responses in the serum. In addition, Bay11-7082 injection inhibited AP activation of 
inflammation response and amylase and lipase activities. Protein concentration were also increased in AP rats.

 Conclusions: FGF signaling protects against AP-mediated damage by inhibition of AP-activating inflammatory responses.

 MeSH Keywords: Fibroblast Growth Factor 1 • Fibroblast Growth Factor 2 • Pancreatitis, Acute Necrotizing

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/920684

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Medical Laboratory, Affiliated Hospital of Putian University, Putian, Fujian, 
P.R. China

2 School of Pharmacy and Medical Technology, Putian University, Putian, Fujian, 
P.R. China

3 Departmen of Pathology, Affiliated Hospital of Putian University, Putian, Fujian, 
P.R. China

4 Department of General Surgery, Affiliated Hospital of Putian University, Putian, 
Fujian, P.R. China

5 Department of Pharmacy, 95th Hospital of Chinese People’s Liberation Army, 
Putian, Fujian, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2020; 26: e920684

DOI: 10.12659/MSM.920684

e920684-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Acute pancreatitis (AP) is an acute inflammatory disease with 
extreme epigastralgia, causing injury to pancreatic cells (espe-
cially exocrine cells) due to various causes, such as gallstones, 
alcohol abuse, metabolic disorders, drugs, and abdominal dam-
age. Among these factors, the main causes of AP are gallstones 
and alcohol, accounting for 60–80% of all AP cases [1]. AP has 
been increasing worldwide in recent decades [2–4]. The reg-
ulation and ideal treatment of this disease are still unknown.

Patients with AP have a pancreas with varying degrees of fi-
brosis, acinar cell regeneration, and formation of tubular com-
plexes [5–9]. Past studies have shown that fibroblast growth 
factor-1 (FGF1), fibroblast growth factor-2 (FGF2), hepatocyte 
growth factor, transforming growth factor-a [9], insulin-like 
growth factor-1 [10,11], transforming growth factor-b (TGF-b), 
and epidermal growth factor levels in the edematous AP rat 
model were higher in AP rats compared with healthy con-
trols [12–14]. Therefore, these factors are necessary for angio-
genesis, mitogenesis, chemotaxis, progression, and sustainabil-
ity of the enhanced malignant growth [15–19]. Clinical studies 
demonstrated that growth factors increase the expression in 
patients with acute necrotizing pancreatitis. Studies using the 
caerulein-induced rat model found that, some growth factors, 
such as PDGF-A, FGF2, VEGF, and TGF-b, influence AP and at-
tenuate pancreatic damage and accelerated recovery [20–25]. 
These studies suggested that growth factors can control and re-
strict pancreatic damage and stimulate pancreatic regeneration.

Inflammatory responses are known to be associated with dam-
age caused by AP [26–29]. An injured pancreas can activate in-
flammatory cells in the pancreas to secrete inflammatory me-
diators (cytokines) [30]. Local inflammation of the pancreas 
is the body’s initial physiological protective response, which 
is usually strictly controlled at the site of injury. Inflammatory 
mediators or cytokines induce inflammation through “trigger-
like action”, making a variety of inflammatory mediators work 
together to produce a cascade of inflammation amplification 
effect to spread the inflammation of the pancreas. When the 
inflammatory response of the pancreas is increased, system-
ic inflammatory response syndrome (SIRS) and multiple organ 
failure syndrome (MODS) were induced, leading to death [31].

The FGF family consists of a group of homologous growth-pro-
moting polypeptides that increase proliferation, angiogenesis, 
and progression of lung, prostate, and colon cancer [32–35]. 
FGF1, also known as basic FGF receptor 1, elicits cellular re-
sponses when bound to a particular FGF by activating signaling 
pathways that include the phospholipase C/PI3K/AKT, Ras sub-
family/ERK, and protein kinase C pathways. Additionally, FGF1 
stimulates the activation of Sprouty proteins (SPRY1-4) inter-
acting with GRB2, SOS1, c-Raf, and epidermal growth factor 

receptor. These interactions act as negative feedback loops to 
restrict the magnitude of cellular activation [36]. FGF2 contains 
intracellular tyrosine kinase domains that bind with transmem-
brane receptors. This factor promotes angiogenesis and stim-
ulates endothelial cell migration [37–40]. FGF21 can regulate 
foam cell formation and inflammatory response in Ox-LDL-
induced THP-1 macrophages [41]. In addition, S100B regulates 
inflammatory response during osteoarthritis via FGF1 signal-
ing [42], suggesting that FGF signaling can modulate inflam-
matory responses. FGF mRNA has been reported to be over-
expressed in AP. However, whether FGF signaling modulates 
inflammatory response to regulate AP pathogenesis is unclear.

This study evaluated the total protein contents, amylase ac-
tivity, inflammatory response protein levels, and FGF levels in 
sera of healthy subjects and AP patients. The function of FGF 
signaling in AP pathogenesis was also analyzed via generation 
of the AP rat model with injections of FGF1, FGF2, and Bay11-
7082, and FGF1 and FGF2 antibodies. In the AP rats, the pro-
tein contents, amylase activity, and inflammatory response 
protein levels were examined. This study revealed that FGF 
signaling protects from AP-induced damages, and these re-
sults will provide useful information for AP therapy.

Material and Methods

Patients

Twenty patients, including 10 males and 10 females aged 38–55 
years (c±SD: 45.3±3.34), diagnosed with AP within 2 days after 
admission at the Affiliated Hospital of Putian University from 
March 2016 to April 2018 were enrolled in the study. The di-
agnostic criteria were in accordance with the Guidelines for 
the Diagnosis and Treatment of Acute Pancreatitis (2014 edi-
tion). Additionally, 20 healthy volunteers without a history of 
pancreatic diseases were recruited and served as a control 
group, including 10 males and 10 females, ages 38–60 years 
(c±SD: 47.2±4.28). The 2 groups had no significant differenc-
es in age or sex ratio (P>0.05). The protocol was approved by 
our hospital Ethics Committee after discussion, and all the pa-
tients signed informed consents before they were enrolled.

Enzyme-linked immunosorbent assay

Blood samples were taken within 24 h and 48 h after onset. 
Next, 2–3 ml peripheral blood was taken from each individu-
al and centrifuged for 5 min at 2500 rpm at 4°C. The super-
natant (serum) was moved to a new tube and kept at –20°C. 
The serum concentrations of PGE2, TNF-a, sCRP, FGF1, and 
FGF2 were quantified using an ELISA kit (Shanghai Bio-tech 
Co., Shanghai, China) according to the manufacturer’s instruc-
tion. The serum concentrations of PGE2, TNF-a, sCRP, FGF1, and 
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FGF2 were calculated on the basis of their standard curves. All 
experiments were repeated in triplicate.

Establishment of the AP rat model

A total of 64 SPF-grade SD male rats, weighing approximately 
200 g, were used to establish the AP model [43]. The rat model 
of acute pancreatitis was constructed in 56 rats and 8 controls. In 
addition to the normal death and the failure of the experimental 
operation, the subsequent experimental groups were ensured 
to reach 8 in each group, so that the experiment could proceed 
normally. Therefore, 64 rats were used. Rats were randomly as-
signed to the AP, AP+FGF1, AP+FGF2, AP+FGF1 Ab, AP+FGF2 Ab, 
AP+Bay11-7082, and normal groups, with 8 rats in each group. 
The rats fasted for 12 h before surgery and were anesthetized 
by intramuscular injection of ketamine (0.2 ml/kg) and an in-
travenous injection of 1.5% pentobarbital sodium (1.5 ml/kg, 
Beijing Chemical Reagent Company, China). Rats were injected 
with 0.5% metronidazole (50 ml) and cefotaxime sodium (0.5 g) 
as infection prophylaxis 0.5 h before the operation. After an up-
per abdominal midline incision was made, the wall of the de-
scending duodenum was incised and cannulated using a cen-
tral venous catheter through the ampulla of Vater into the main 
pancreatic duct. The catheter was fixed on the duodenal wall 
and the skin. At 24 h after model establishment, AP was in-
duced by retrograde injection of 5% taurocholate acid sodium 
(0.5 ml/kg; Sigma, USA) injected into the central venous cathe-
ter of rats in the AP group. The rats in the control group received 
the same surgical procedure and cannulation, without any infu-
sion. During the recovery and experimental periods, the rat am-
ylase activity, lipase activity, and protein concentration were in-
travenously injected with total parenteral nutrition without any 
feeding. After AP induction, FGF1 (100 ng/ml), FGF2 (100 ng/ml), 
anti-FGF1(100 ng/ml), and anti-FGF2 (100 ng/ml) antibodies or 
Bay11-7082 (1 µM) were injected into the rats. Pancreas and 
peripheral blood were collected after 24 h.

Measurement of identification indexes related to acute 
pancreatitis

We used an automatic biochemical analyzer (Hitachi 7600, 
Hitachi, Tokyo, Japan) to assess amylase activity, lipase activ-
ity, and protein concentration in sera from the patients and 
rats. We assessed serum amylase and lipase activities by io-
dine-amylum colorimetry and results are expressed in U/l. All 
experiments were repeated in triplicate.

Western blot analysis

We lysed 100 mg pancreas tissues using radioimmunoprecip-
itation assay buffer with 1% PMSF on ice. The total protein 
concentration was determined using a Bradford protein kit 
(Bio-Rad, Richmond, CA, USA). The proteins were separated 

on 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and electrotransferred onto Immobilon-P Transfer 
Membranes (Millipore Japan, Tokyo, Japan). The membranes 
were probed with primary antibodies for 2 h at room tempera-
ture. The primary antibodies used were anti-Phospho-SAPK/JNK 
(Thr183/Tyr185) antibody (1: 1000, Cell Signaling Technology, 
4668), anti-SAPK/JNK (1: 1000, Cell Signaling Technology, 9252), 
anti-p-IkBa antibody (1: 500, Santa Cruz Biotechnology), anti-
IkBa antibody (1: 5000, Cell Signaling Technology), anti-PAI-1 
antibody (1: 1000, Abcam, ab66705), and anti-TNF-a antibody 
(1: 1000, Abcam, ab1793). The membranes were incubated for 
1 h with secondary antibody at room temperature (1: 2000, 
Cell Signaling Technology). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) (1: 2500, Abcam, ab9485) was used as an 
internal control. Antigen–antibody complexes were then visu-
alized using an electrochemiluminescence kit (GE Healthcare). 
The protein levels were normalized against those of GAPDH by 
using Image J software (National Institute of Health, Bethesda, 
MD, USA). All experiments were repeated in triplicate.

Statistical analysis

The data were analyzed by SPSS17.0 software and the results 
are expressed as mean±standard deviation (c±SD). Comparison 
of data was performed using the t test. Correlation between 2 
variables was analyzed using linear correlation method, which 
showed significant differences between the 2 groups (* P<0.05, 
** P<0.01, and *** P<0.001).

Results

Comparison of PGE2, TNF-a, and sCRP concentrations in 
the sera of patients with AP and healthy people

ELISA was performed to analyze the inflammatory response in 
AP patients and healthy people. The results showed that PGE2, 
TNF-a, and sCRP levels were dramatically higher in patients with 
AP compared with those in the healthy group (Table 1). p-IkBa 
and total IkBa levels were also analyzed by Western blot us-
ing the serum samples of 3 healthy people and 3 AP patients. 
The data indicated a higher p-IkBa level in patients with AP than 
in the healthy group, whereas total IkBa level was not changed 
after AP disease (Figure 1). FGF level is known to be associ-
ated with AP; therefore, FGF1 and FGF2 levels were analyzed. 
The ELISA data suggested that levels of FGF1 and FGF2 were 
higher in the patient group than in the healthy group (Table 2).

Amylase activity, lipase activity, and protein concentration 
in the sera of patients with AP and healthy people

The amylase activity, lipase activity, and protein concentration 
were the general factors examined next during AP pathogenesis. 
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To examine these 3 factors, blood samples were collected 
from 20 patients with AP and 20 healthy people. The amylase 
and lipase activities are significantly higher in patients with 
AP than in the healthy group, and the protein concentration 
was significantly lower. These results indicated that basal PF 
and enzyme secretions were activated during the early stage 
of AP (Table 3).

FGF1 and FGF2 injection reduced inflammation response 
and increased amylase and lipase activities

In patients with AP, inflammation response was activated, 
which was assessed by detecting the PGE2, TNF-a, and sCRP 

concentrations in the serum samples. FGF1 and FGF2 levels 
and amylase and lipase activities were increased, but protein 
concentration was decreased. However, whether FGF signaling 
and inflammation response are connected remains unknown. 
To analyze the relationship between FGF signaling and inflam-
mation response, the AP rat model was generated by injection 
of sodium taurocholate. After the AP model was established, 
the rat pancreas was extracted for experiments. Western blot 
analysis showed that the levels of p-JNK, p-IkBa, TNF-a, and 
PAI-1 were all higher in the AP rat pancreases compared with 
those in normal rats, but total JNK (t-JNK) and IkBa levels were 
not changed by AP (Figure 2). To investigate the FGF function, 
FGF1 or FGF2 was injected into AP rats. Western blot results 

Group No. of people 
tested

PGE2 (pg/l) TNF-a (pg/ml) sCRP (ng/l)

Time (h) 24 48 24 48 24 48

The patients 20  2.08±0.27**  1.18±0.12**  65.11±20.42** 48.31±13.56** 4.13±0.35**  2.53±0.32**

Healthy control 20  0.23±0.13  0.29±0.12  35.78±10.17  36.09±11.21  1.45±0.79  1.58±0.41

P P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Table 1. Comparison results for concentrations of PGE2, TNF-a, and sCRP in the serum of 2 groups (c±SD).

T value: Similarity between 2 groups; 24- and 48-hour blood samples were tested.
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Figure 1.  Effects of AP and FGF on p-IkBa and IkBa levels. The p-IkBa and IkBa levels were analyzed by Western blot analysis using 
the serum of healthy people and patients with AP. GAPDH was used as an internal control. The 1,2,3 represents the random 
person number of the samples. The experiments were repeated 3 times. The significant differences between the healthy 
people and AP patient groups were analyzed (** P<0.01).

Group No. of people 
tested

FGF1 (ng/ml) FGF2 (ng/ml)

Time (h) 24 48 24 48

The patients 20  2.24±0.12*  2.64±0.45*  17.31±0.78*  3.43±0.56*

Healthy control 20  1.34±0.32  1.52±0.15  10.12±0.32  1.98±0.21

P P<0.01 P<0.01 P<0.01 P<0.01

Table 2. Comparison of results for concentrations of FGF1 and FGF2 in the serum of 2 groups (c±SD).

T value: Similarity between 2 groups; 24 - and 48-hour blood samples were tested.
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indicated that FGF injection significantly suppressed p-JNK, 
p-IkBa, TNF-a, and PAI-1 levels in AP rat pancreases, and the 
levels were similar to those in normal rat (Figure 2). FGF1 or 
FGF2 antibody was injected into AP rats, and the marker pro-
tein levels were monitored. The results showed that the injec-
tion of FGF1 or FGF2 antibody inhibited FGF signaling, which 
increased the levels of p-JNK, p-IkBa, TNF-a, and PAI-1 by AP 
in rats (Figure 3).

To test whether FGF injection in AP rats also changed amylase 
and lipase activity and protein concentration, blood samples 
from normal rats, AP rats, and AP rats injected with FGF1 or 
FGF2 were collected. Amylase and lipase activities were higher, 
whereas protein concentrations were lower in the AP rat se-
rum compared with serum from normal rats. However, FGF1 
or FGF2 injection inhibited the AP-induced increase of amylase 
and lipase and AP-mediated reduction of protein contents in 
the blood serum (Figure 4).

Group No. of people 
tested

Amylase (U/l) Lipase (U/l) Protein concentration (g/l)

Time (h) 24 48 24 48 24 48

The patients 20  267.12±160.24**  210.23±55.47*  513.65±139.67**  125.45±58.28*  34.13±4.64**  45.12±10.12*

Healthy control 20  68.46±22.15  70.43±20.56  90.32±19.26  89.62±18.53  55.56±12.28  54.89±11.32

P P<0.001 P<0.01 P<0.001 P<0.01 P<0.001 P<0.01

Table 3. Comparison results for amylase activity, lipase activity, and protein concentration in the serum of 2 groups (c±SD).

T value: Similarity between 2 groups; 24- and 48-hour blood samples were tested.
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Figure 2.  Effects of AP and FGF on TNF-a, PAI-1, p-IkBa, IkBa, p-JNK, and t-JNK levels. The TNF-a, PAI-1, p-IkBa, IkBa, p-JNK, and t-JNK 
levels were analyzed by Western blot analysis using the pancreases of normal rats, AP rats, and AP rats injected with FGF1 or 
FGF2. GAPDH was used as an internal control. The experiments were repeated 3 times. The significant differences between 
the AP, AP+FGF1/FGF2, and normal groups were analyzed (** P<0.01).
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Inhibition of inflammation response increased amylase 
and lipase activity and protein concentration in AP rat 
pancreases

Bay11-7082, an IkBa inhibitor, was injected into the AP mod-
el rats. Western blot analysis showed that Bay11-7082 injec-
tion significantly reduced the AP-induced p-IkBa, TNF-a, and 
PAI-1 levels, indicating that Bay11-7082 successfully inhibit-
ed the AP-induced inflammation response in rat pancreases 
(Figure 5). We assessed amylase and lipase activity and pro-
tein concentration in normal rats, AP rats, and AP rats injected 
with Bay11-7082, and found that AP induction significantly in-
creased amylase and lipase activities but reduced protein con-
centration. In addition, Bay11-7082 injection eliminated the 
AP-mediated increase in these indicators (Figure 6).

Discussion

The prevalence and mortality rates of AP are increasing. Induction 
of AP pathogenesis often increases amylase and lipase activities 

and decreases protein concentration. Previous studies found 
that a few FGF members, including FGF1 and FGF2, are overex-
pressed in AP pathogenesis [34]. However, the relationship be-
tween FGF signaling and AP damage is unclear. In the present 
study, 20 patients with AP, including 10 males and 10 females, 
were selected, and blood samples were analyzed to detect the 
inflammatory response marker proteins PGE2, TNF-a, sCRP, and 
IkBa. In parallel, 20 healthy people of similar ages were com-
pared with the patient group. The ELISA and Western blot anal-
ysis results clearly indicated that inflammatory response mark-
ers were higher in the patients with AP compared with those 
in the healthy group, regardless of sex. Not surprisingly, FGF1 
and FGF2 levels were also significantly higher in the AP patient 
group than in the healthy group. JNK was also activated by AP, 
which was observed by the detection of p-IkBato total IkBa ratio 
(Figure 1). FGF signaling is known to regulate JNK activity, suggest-
ing that AP can alter FGF signaling. Moreover, amylase and lipase 
activities were higher and total protein contents were obvious-
ly lower in the patient group than in the healthy people. These 
data suggest that AP pathogenesis increases levels of FGF1 and 
FGF2 proteins and activates inflammatory responses in humans.
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Figure 3.  Effects of AP and FGF on TNF-a, PAI-1, p-IkBa, IkBa, p-JNK, and t-JNK levels. The TNF-a, PAI-1, p-IkBa, IkBa, p-JNK, and t-JNK 
levels were analyzed by Western blot using the pancreases of normal rats, AP rats, and AP rats injected with FGF1 Ab or FGF2 
Ab. GAPDH was used as an internal control. The experiments were repeated 3 times. The significant differences between the 
AP, AP+FGF1 Ab/FGF2 Ab, and normal group were analyzed (** P<0.01).
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Figure 4.  Effects of AP, FGF1, and FGF2 on amylase and lipase activities and protein concentration in the serum. Amylase activity (A), 
lipase activity (B), and protein concentration (C) were analyzed in the sera of normal rats, AP rats, and AP rats injected with 
FGF1 or FGF2. The error bar represents±SD (n=8). The significant differences between the AP and AP+FGF1/FGF2, normal 
group were also analyzed (* P<0.05, *** P<0.001).
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Figure 5.  Effects of AP and Bay11-7082 on TNF-a, PAI-1, p-IkBa, and IkBa levels. The TNF-a, PAI-1, p-IkBa, and IkBa levels were 
assessed by Western blot analysis using the pancreases of normal rats, AP rats, and AP rats injected with Bay11-7082. 
GAPDH was used as an internal control. The experiments were repeated 3 times. The significant differences between the AP, 
AP+Bay11, and normal group were analyzed (** P<0.01).
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Given that ther3e were high levels of FGF1 and FGF2 in the 
AP patient group, the role of FGF in AP-induced inflammation 
and enzyme activity changes was further examined in the rat 
model. AP generation in rats significantly induced inflamma-
tion, as examined by the detection of p-IkBa, TNF-a, and PAI-1 
levels (Figure 2). However, FGF1 or FGF2 injection in AP rats 
significantly induced AP, whereas FGF1 and FGF2 antibodies 
enhanced AP-mediated induction of p-IkBa, TNF-a, and PAI-1 
(Figure 3). Moreover, AP induction increased the amylase and 
lipase activities and reduced the protein concentration in the 
serum of rats (Figure 4). FGF signaling activation also restored 
the increase of enzyme activities and decrease of the total pro-
tein concentration in AP rats, which suggests that activation of 
FGF1 and FGF2 signaling protects against AP-induced inflam-
matory responses and increases the enzyme activities and re-
duction of total protein concentration. Furthermore, AP acti-
vates JNK and increases FGF1 and FGF2 levels (Figures 2, 3). 
However, high amounts of FGF1 and FGF2 injection suppressed 
AP-induced JNK activation, suggesting that the over-activation 
of FGF signaling inhibits JNK activity. Whether the activation 
of FGF signaling protects against AP-induced damage via inhi-
bition of inflammatory response also remains to be clarified.
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Figure 6.  Effects of AP and Bay11-7082 on amylase and lipase activities and protein concentration in the serum. Amylase activity (A), 
lipase activity (B), and protein concentration (C) were analyzed in the sera of normal rats, AP rats, and AP rats injected with 
Bay11-7082. The error bar represents±SD (n=8). The significant differences between the AP and AP+Bay11, normal group 
were analyzed (* P<0.05, ** P<0.01. *** P<0.001).

Next, the inflammatory response was determined through the 
application of a specific inhibitor, Bay11-7082, to the AP rat 
model to assess the inflammatory response function during 
AP-mediated damage. Bay11-7082 treatment in AP rats signif-
icantly inhibited inflammatory response activation during AP 
pathogenesis and decreased the expression of p-IkBa, TNF-a, 
and PAI-1, similar to the action of FGF1 and FGF2 (Figure 5). 
Further examination of amylase and lipase activities and pro-
tein contents revealed that Bay11-7082 had a similar function 
as the FGFs (Figure 6); specifically, it increased enzyme activ-
ity and protein contents in the AP rat model. The injection of 
FGF1 and FGF2 antibodies also promoted the AP-mediated 
induction of inflammatory response. These data suggest that 
FGF signaling activation occurs via inhibition of inflammatory 
response to protect against AP-induced enzyme activity and 
decrease protein contents.

FGF signaling has diverse functions in tissue development, 
differentiation, and repair. In many diseases, FGF levels sensi-
tively respond to environmental changes, such as high blood 
sugar, drugs, and infrared radiation [20,21]. In addition, acti-
vation of FGF signaling was shown to greatly repair damage 
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to tissues or organs. In patients with AP, FGF1 and FGF2 are 
significantly increased, which can be detected in blood se-
rum, suggesting a protective mechanism in humans to pro-
tect against damage from AP by the activation of FGF signal-
ing. FGF signaling activation by the injection of FGF1 or FGF2 
significantly reduced the inflammatory response and result-
ed in normal amylase and lipase activities and protein con-
tents in AP rats. Inflammatory response inhibitor also result-
ed in a similar effect with FGFs. This finding suggests that FGF 
signaling-mediated inflammatory response inhibition might 
be an important way to protect against AP-induced damages. 
This condition was indirectly analyzed by measuring amylase 
and lipase activities and protein contents. However, further 

histological and biochemical studies are required to deter-
mine the mechanisms by which FGF regulates inflammatory 
signaling to protect against AP-induced damage or even re-
lieve AP generation. Our analyses from the clinical and mech-
anism perspectives to identify the FGF-inflammatory response 
pathway are important for AP therapy.

Conclusions

Our analyses show that FGF signaling protects against AP-
induced damages via inhibition of AP-activating inflamma-
tory responses.
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