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Abstract

Nonalcoholic fatty pancreas (NAFP) is hypothetically related to progressive fibro-inflammation
of the pancreas whose exocrine function is controlled by enteroendocrine cells (EEC). There is
little evidence of pancreatic fibrosis in fatty pancreas and of whether there are quantitative
differences for EEC. This study aimed to prove the coexistence of NAFP and pancreatic fibrosis
or early chronic pancreatitis (ECP) using acoustic radiation force impulse (ARFI) and endoso-
nography. Besides, the expression of duodenal mucosal chromogranin-A, a surrogate for EEC,
was analyzed. Dyspeptic patients were surveyed at the digestive clinic and received abdominal
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sonography, endosonography, and serology tests. Cases with organic causes of dyspepsia
were excluded. Pancreatic fibrosis was defined as an ARFl value >1.3 m/s. ECP was defined by
at least 2 scores of the Japan Pancreas Society endosonographic criteria. During endosonog-
raphy, 4 biopsy samples of mucosa in the duodenal first part were obtained for analysis of
chromogranin-A expression by Western blot. Mucosal biopsy was also performed at the gastric
antrum for surveillance of Helicobacter pylori. Between January and June 2018, a total of 24
patients with NAFP were enrolled among 48 candidates and divided into 2 groups based on
whether they had pancreatic fibrosis or not. In the pancreatic fibrosis group (n = 11, pancreatic
ARFI: 1.76 £ 0.34 m/s), there was a higher endosonographic criteria score (2.45 vs. 1.61, p =
0.002), increased expression of chromogranin-A (p = 0.001), and more severe fatty pancreas
that was defined by pancreatic duct blurring on abdominal sonography (91 vs. 46%, p = 0.062)
as compared to the non-pancreatic fibrosis group (n = 13, pancreatic ARFI: 1.11 + 0.09 m/s).
A total of 54 endosonographic abnormalities of ECP was present in these 24 patients in the
head (52%), body (31%), and tail (17%), an anatomic pattern similar to pancreatic adenocarci-
noma. In conclusion, among dyspeptic patients with NAFP, the duodenal mucosa chro-
mogranin-A showed increased expression in those with pancreatic fibrosis and endosonogra-

phy-diagnosed ECP. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Fatty pancreas is a pathologic entity with a prevalence of approximately 10-16% [1-7].
Its association with endocrine disease-like diabetes mellitus or pancreatic cancer has been
partially studied [4, 8-10]. However, there is less medical evidence of an association between
fatty pancreas and pancreatic fibrosis or early chronic pancreatitis in the exocrine field.

Pancreatic fibrosis is an initial stage of chronic pancreatitis [11, 12]. Early chronic pan-
creatitis requires mechanistic definitions using combined factors for a diagnostic approach
[13]. The first assessment includes risk factors using the conventional TIGAR-O classification
system [14]. In the toxic and metabolic category, nonalcoholic fatty pancreas is a pathologic
entity hypothetically contributing to pancreatic fibro-inflammation and organic dysfunction
[1, 8, 15]. Pancreatic exocrine dysfunction is an etiology for dyspepsia. Hence, dyspepsia can
reasonably be attributed to nonalcoholic fatty pancreas with concurrent early chronic pancre-
atitis or pancreatic fibrosis [12].

The second approach concerns symptoms and events of acute pancreatitis. Dyspepsia is
a common manifestation of pancreatic exocrine dysfunction and can be classified as epigastric
pain or postprandial distress syndrome [16-18]. The confirmation of acute pancreatitis needs
clinical, laboratory, and image data, but patients do not always undergo complete examina-
tions. Hence, one recent international consensus comments that an acute pancreatitis event is
not mandatory for the diagnosis of early chronic pancreatitis [13].

Image characterization is inevitable for early chronic pancreatitis. Endoscopic ultraso-
nography (EUS) is currently considered the most sensitive modality to detect subtle structural
changes of the pancreas [19]. For pancreatic fibrosis, the correlation between endoso-
nographic findings and pancreatic histology is approximately 70-80% [20]. The major limita-
tion of endosonography is operator-dependent variability of this technique. Shear wave
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elastography, such as acoustic radiation force impulse (ARFI), can provide a quantitative as-
sessment of parenchymal fibrosis in chronic pancreatitis [21-26]. Hence, the combination of
endosonography and elastography analysis is complementary in the evaluation of early
chronic pancreatitis.

Enteroendocrine cells are specialized chemoreceptor cells located in the epithelium of the
gastrointestinal tract and control pancreatic function by signaling secretory molecules in re-
sponse to luminal contents [27]. Hypothetically, the expressions of enteroendocrine cells
would be dynamically changed in the early stage of chronic pancreatitis when pancreatic
exocrine dysfunction is presenting as dyspepsia. Chromogranin-A is a protein product of en-
teroendocrine cells and can be used as a surrogate for a quantitative analysis of enteroendo-
crine cells [28-30].

The aims of this study were (1) to prove the coexistence of nonalcoholic fatty pancreas
with pancreatic fibrosis and early chronic pancreatitis and (2) to analyze the endosonographic
characteristics of pancreatic fibrosis and the expression of chromogranin-A in duodenal mu-
cosa.

Materials and Methods

Patients and Procedures

Patients with the chief complaint of recurrent dyspepsia were surveyed for this study at
physician Huang’s clinic at Far Eastern Memorial Hospital, New Taipei City, Taiwan. The en-
rolled cases received a transabdominal sonography, upper gastrointestinal EUS, and serologic
tests. The inclusion criteria were (1) age 30~65 years old; (2) recurrent dyspepsia with a du-
ration of over 1 week; and (3) presence of fatty pancreas on transabdominal sonography. The
types of dyspepsia were epigastric pain syndrome or postprandial distress syndrome. The ex-
clusion criteria consisted of (1) alarming symptoms or signs of the gastrointestinal tract, such
as dysphagia, weight loss, and overt bleeding; (2) upper gastrointestinal endoscopy or trans-
abdominal sonography performed within 6 months; (3) cirrhosis; (4) end-stage renal disease
or uremia syndrome; (5) significant etiology of dyspepsia diagnosed during the study proce-
dures; (6) cancer or suspected cancer; and (7) a history of pancreatic surgery.

During transabdominal sonography (Siemens Acuson S2000 Ultrasound System), the de-
gree of fatty liver and fatty pancreas was recorded. The classification of fatty liver is as follows:
(1) mild indicates higher echogenicity than the renal cortex; (2) moderate indicates hepatic
vessel blurring; and (3) severe indicates obscured vision of hepatic vessels [31]. The diagnosis
of fatty pancreas by transabdominal sonography is based on a stratification system with 3
classifications: (1) mild indicates echogenicity of the pancreatic body similar to the echogenic-
ity of the retroperitoneal adipose tissue; (2) moderate indicates a blurred outline of the
splenic vein or main pancreatic duct; and (3) severe indicates invisible splenic vein and deeper
structures [32]. Besides, the ARFI value of the liver and pancreas was measured. The hepatic
ARFI value was obtained by the mean value of 10 measurements in the hepatic right lobe. The
pancreatic ARFI value was obtained by the mean value of 10 measurements in the pancreatic
body parenchyma.

The serology examination included lipase, total bilirubin, triglycerides, total cholestero],
fasting glucose, and alanine transaminase. The upper gastrointestinal EUS was performed by
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Chung-Tsui Huang (22 cases using GF-UE 260; 2 cases using UCT-260; Olympus Co., Tokyo,
Japan). During the procedures, the mucosa of the upper gastrointestinal tract and pancreas
were surveyed for organic lesions. Early chronic pancreatitis was evaluated using the EUS cri-
teria provided by the Japan Pancreas Society (JPS) [33]. A biopsy of mucosa in the gastric an-
trum was performed twice for surveillance of Helicobacter pylori. A biopsy of mucosa in the
first part of the duodenum was performed twice in the anterior wall and twice in the inferior
wall. The sample of duodenal mucosa was stored in liquid nitrogen immediately. The duode-
nal mucosa sample was analyzed for chromogranin-A, cholecystokinin, and glucagon-like pep-
tide-1 (GLP-1) by Western blot.

The diagnosis of pancreatic fibrosis was defined as pancreatic ARFI 21.3 m/s, and EUS-
diagnosed early chronic pancreatitis was defined as =2 abnormalities of JPS EUS criteria, ex-
emplified in Figure 1. This study was approved by the Institutional Review Board of Far East-
ern Memorial Hospital (FEMH 106142-F), and every participant signed an informed consent
form.

Western Blot Analysis

The general procedure for the Western blot analysis was performed as follows. Tissue
proteins were extracted by homogenization of tissue in protein extraction solution (iNtRON
Biotechnology) and 1-mm zirconia beads followed by shock 5 times for 3 min and centrifuga-
tion at 13,000 rpm for 20 min. The supernatants were collected, and protein concentrations
were estimated using the BCA protein assay kit (Thermo). 30 pg total protein was resolved in
SDS-polyacrylamide gels on a Minigel apparatus and transferred to a PVDF membrane using
a semidry transfer cell. The transblotted membrane was washed 3 times and blocked with
PBST containing 5% nonfat milk for 60 min, and then the membrane was incubated with the
appropriate primary antibody. The membrane was washed 3 times by PBST. Finally, the mem-
brane was probed with horseradish peroxidase-conjugated secondary antibody and visual-
ized by enhanced chemiluminescence. The density of the blot was further analyzed by densi-
tometry using the TotalLab TL120v2009. The primary antibodies used were as follows: anti-
chromogranin-A (Abcam, ab199014), CCK8 (Biorbyt, orb10260), GLP-1 (Biorbyt, orb10719),
and (-actin (Santa Cruz, sc-47778). For analysis of protein expression, the case with the lowest
pancreatic ARFI value in the non-early chronic pancreatitis group was defined as 1.0. The
other cases were presented as a relative expression value for statistical calculation.

Statistical Analysis

All results were presented as means * standard deviations for continuous variables and
as original numbers or percentages for categorical variables. For group data, x2 and Pearson
tests were used for categorical and continuous variables, respectively. An independent sam-
ples t test was used for paired data. Data analyses were performed by using a standard soft-
ware package (SPSS version 20.0, Chicago, IL, USA). A p value of <0.05 was considered as sta-
tistically significant.
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Results

A total of 2,603 patients visited physician Huang’s clinic between January and June 2018.
Among the 2,603 patients, 305 patients presented with the chief complaint of dyspepsia. After
medical historical evaluation, there were 48 candidates for the study, and eventually 24 pa-
tients were enrolled. The other 24 cases were excluded due to the following reasons: no fatty
pancreas (n = 10), gallstone (n = 7), severe renal atrophy with uremia (n = 1), calcified chronic
pancreatitis (n = 1), duodenal ulcer (n = 3), duodenal peptic stricture (n = 1), and echo-endo-
scope insertion failure (n = 1). The enrolled 24 study cases consisted of 10 men and 14 women.

The diagnosis of pancreatic fibrosis was defined by pancreatic ARFI 21.3 m/s. The 24
cases were further divided into 2 groups: pancreatic fibrotic (n = 11) and nonfibrotic groups
(n = 13). Demographic characteristics are summarized in Table 1. The age, gender ratio, fatty
liver level, hepatic ARFI, infection rate with H. pylori, body mass index, and serologic data did
not differ significantly between the 2 groups. The EUS criteria score for early chronic pancre-
atitis was significantly higher in the pancreatic fibrotic group (2.45 vs. 1.61, p = 0.002). The
proportion of fatty pancreas equal to or above level 2 was higher in the pancreatic fibrotic
group (90.9 vs. 46.1%, p = 0.062).

There were a total of 48 scores of EUS criteria for early chronic pancreatitis in these 24
cases with corresponding 54 pancreatic anatomic locations because 1 abnormal EUS finding
could coexist in different pancreatic locations, such as the head and body. The distribution of
these factors showed a pattern similar to a bipolar distribution if cyst and dilated side branch
were combined as one factor (Fig. 2). Besides, the distribution of these 54 anatomic locations
showed a decreasing frequency in the order pancreatic head (n = 28, 52%), body (n = 17,
31%), and tail (n =9, 17%), a pattern compatible with pancreatic duct adenocarcinoma (Fig.
3). The expression of duodenal mucosa chromogranin-A was significantly higher in the pan-
creatic fibrotic group than in the nonfibrotic group (p = 0.001). Otherwise, no difference was
noted for cholecystokinin (p = 0.719) and GLP-1 (p = 0.338) (Fig. 4).

Discussion

The major findings of this study included the following: (1) coexistence of nonalcoholic
fatty pancreas, EUS-diagnosed early chronic pancreatitis, and pancreatic fibrosis; (2) the JPS
EUS score of early chronic pancreatitis was higher in the pancreatic fibrotic group defined by
a pancreatic ARFI value 21.3 m/s; (3) the distribution of EUS abnormalities for early chronic
pancreatitis showed a decreasing frequency pattern from head to body to tail; and (4) the ex-
pression of duodenal mucosa chromogranin-A was increased in the pancreatic fibrotic group.

Fat infiltration of the pancreas will theoretically increase the risk of pancreatic fibrosis
gradually. This hypothesis could be partially proved by evidence of pancreatic fibrosis and
EUS findings of early chronic pancreatitis in fatty pancreas. Transabdominal sonography is
limited due to clear image resolution when observing fatty pancreas, exemplified by the fact
that a moderate fatty pancreas will make the main pancreatic duct blurred and obscured. ARFI
can provide a noninvasive quantitative evaluation of pancreatic fibrosis but lacks morphologic
information. EUS is a useful tool for the characterization of structural changes in the early
stage of chronic pancreatitis. Therefore, a combined use of transabdominal sonography, ARF],
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and EUS is reasonable for the study of fatty pancreas and pancreatic fibrosis. However, the
current study could merely prove the coexistence of fatty pancreas and early chronic pancre-
atitis in a cross-sectional method. The longitudinal follow-up of fatty pancreas evolution needs
further research.

Pancreatic ARFI is feasible for assessing pancreatic parenchymal disease, including
chronic pancreatitis [34]. A recent research analyzed the shear wave velocity of normal pan-
creas, asymptomatic fatty pancreas, and late-stage chronic pancreatitis with a resultant cutoff
value of 1.3 m/s for the former two entities and about 2.0 m/s for the last one [35]. Another
study aimed to analyze the normal shear wave velocity of normal pancreas, showing a cutoff
value of 1.2 + 0.36 m/s [36]. Hence, the interval of ARFI between 1.3 and 2.0 m/s is probably
the progressive range of early chronic pancreatitis. This study found that dyspeptic patients
with a pancreatic ARFI value 21.3 m/s had higher JPS EUS criteria scores for early chronic
pancreatitis, and the mean score was 22 in the study group. One Japanese study observed that
a JPS EUS criteria score =2 for early chronic pancreatitis is reasonable because these factors
were early morphologic changes [16].

The endosonographic features of early chronic pancreatitis had 2 patterns meaningful for
disease progression. Firstly, the 7 factors of JPS EUS criteria for early chronic pancreatitis
showed a sequence corresponding to severity. Beginning with the last one, hyperechoic
change of the main pancreatic duct margin represents the state of long-standing luminal in-
creased pressure. Then, dilated side branches occur, partially forming focal tiny cysts. The
stranding happens later when the side branch wall advances to thickening and fibrosis. Hy-
perechoic foci develop gradually within the lumen of side branches. Eventually, the mixture of
stranding and hyperechoic foci leads to lobularity or honeycomb picture. This study showed
a pattern similar to a bipolar distribution of endosonographic factors for early chronic pan-
creatitis if dilated side branch was combined with cyst. Secondly, the structural changes of
early chronic pancreatitis were focal type with decreasing frequency from the pancreatic head
to body to tail. This sequence is consistent with pancreatic duct adenocarcinoma, probably in
that chronic pancreatitis is a risk factor for the former [10].

The enteroendocrine cell is a potential biomarker for dyspeptic patients with early
chronic pancreatitis or pancreatic fibrosis because this cell controls pancreatic exocrine func-
tion. However, it is difficult to directly analyze mucosa cells. Hence, chromogranin-A can be a
surrogate for the enteroendocrine cell, showing quantitative dynamic change in disease [28].
In this study, the cholecystokinin and GLP-1 did not differ significantly between the pancreatic
fibrotic and nonfibrotic groups when analyzed in dyspeptic patients under a fasting status.
However, the expression of chromogranin-A was increased in dyspeptic patients in the pan-
creatic fibrosis group under a fasting status. This phenomenon could be explained by the fact
that the fibrotic pancreas requires more enteroendocrine cells in a fasting status to prepare
the release of much more cytokine to stimulate pancreatic exocrine function for food digestion
in the upper gastrointestinal lumen.

There were 4 major limitations of the current study. Firstly, this study was using ARFI to
assess pancreatic fibrosis without histologic evidence. Secondly, the different expression of
chromogranin-A was not correlated with the pancreatic exocrine test. Thirdly, the quantita-
tive analysis of chromogranin-A in intestinal mucosa tissue is unavailable for commercial ap-
plication currently. Finally, a well-designed double-blinded therapeutic trial using pancreatic
enzymes replacement was lacking in this study.
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In conclusion, for adult patients with dyspepsia and nonalcoholic fatty pancreas, EUS can
be considered for the assessment of early chronic pancreatitis in cases with a pancreatic ARFI
21.3 m/s. The chromogranin-A in duodenal mucosa showed increased expression in those
cases with pancreatic fibrosis and EUS-diagnosed early chronic pancreatitis.
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Fig. 1. a Example of ARFI measurement of fatty pancreas. b Example of stranding in the pancreatic head
under EUS.
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Fig. 2. Number of each endosonographic parameter for early chronic pancreatitis defined by the Japan
Pancreas Society. The distribution of these factors showed a pattern similar to a bipolar distribution if cyst
and dilated side branch were combined as one parameter.
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Fig. 3. Number of endosonographic abnormalities for early chronic pancreatitis in different pancreatic lo-

cations.
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Fig. 4. Chromogranin-A (a), cholecystokinin (b), and glucagon-like peptide-1 (c) protein expression (West-
ern blot) in duodenal mucosa biopsies in pancreatic fibrotic (F) and nonfibrotic (N) groups when dyspeptic
patients were in a fasting state. An independent ¢ test analyzing differences of mean values using Levene’s
test for equality of variances was calculated. For Western blot, the upper panel represents each protein
and the lower panel 3-actin. For the box plot, the y axis was a relative expression. The p values in the com-
parison of expression between the 2 groups for chromogranin-A, cholecystokinin, and glucagon-like pep-

tide-1 were 0.001, 0.719, and 0.338.
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Table 1. Demographic characteristics of the pancreatic fibrotic and nonfibrotic groups

Pancreatic Pancreatic p value
fibrotic group nonfibrotic group
(ARFI 21.3 m/s) (ARFI <1.3 m/s)
(n=11) (n=13)
Mean age + SD, years 52.1849.59 46.23+11.73 0.193
Male/female 3/8 8/5 0.101
Dyspepsia type 0.258
Epigastric pain syndrome 5 9
Postprandial distress syndrome 6 4
Dyspepsia course over 4 weeks, % 54.6 76.9 0.266
Mean body mass index 239 22.6 0.459
Fatty liver level, grade 0/1/2/3 7/4/0/0 5/7/1/0 0.178
Mean hepatic ARFI 1.03 1.04 0.958
Fatty pancreas level, grade 1/2/3 1/9/1 7/5/1 0.062
Mean pancreatic ARFI 1.76 1.12 <0.001
EUS scores of early chronic pancreatitis 0.002
1/2/3 0/6/5 6/6/1
Mean 2.45 1.61
Helicobacter pylori infection, % 27.3 30.8 0.859
ALT 12~31 8~38 0.227
Total bilirubin 0.66+0.24 0.63+0.25 0.812
Lipase 30.37+10.26 36.27+21.23 0.480
Fasting glucose 95.27+17.65 102.58+13.69 0.277
Total cholesterol 186.18+31.74 189.334£32.25 0.816
Triglyceride 105.18+41.33 86.42128.64 0.216
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