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Materials and Methods
1.1 Experimental animals
All the mice used in this study had an ICR background. Wild-type (WT) mice (8
weeks old) were purchased from the Comparative Medicine Centre of Yangzhou
University (Yangzhou, China). Glycosylphosphatidylinositol-anchored high-density
lipoprotein-binding protein 1 (GPIHBP1) heterozygote mice (C57BL/6 background)
were obtained from the Mutant Mouse Resource & Research Centres (MMRRC,
Maryland, USA). Considering that mice with an ICR background are more susceptible
to AP,1, 2 GPIHBP1-/- deficiency (C57BL/6 background) were crossed onto the ICR
background after eight generations. Mice were maintained on a 12-h light/dark cycle at
24℃ and fed ad libitum with regular mouse chow. All methods were conducted in
accordance with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications No. 8023, revised 1978), and the experimental
protocols were approved by the experimental animal ethics committee of Jinling
Hospital affiliated with the Medical School of Nanjing University.

1.2 Experimental procedures
The drug-induced hypertriglyceridemia (HTG) model was developed by
administering poloxamer 407 (P407, Pluronic F-127, Sigma-Aldrich, St. Louis. MO,
USA) intraperitoneally to mice every other day at 0.1, 0.25, or 0.5 g/kg body weight
(b.w.) for 28 consecutive days as described previously.2, 3 The control group, i.e., the
normal triglyceride (NTG) group, was administered PBS in the same amount and
duration as the treatment group. P407 was dissolved in PBS (pH=7.4) and refrigerated
at 4°C overnight. P407 injection was discontinued after the onset of AP. Four-month

old GPIHBP1-/- mice served as the gene-modified HTG model due to the stable HTG
phenomenon.4 Their wild-type (WT) littermates were used as the control group.
AP was induced via 10 intraperitoneal injections of 50 μg/kg b.w. caerulein
(AnaSpec, Inc., Fremont, USA) at hourly intervals. The animals were anaesthetized and
sacrificed at 0 d, 12 h, 1 d, 3 d, 5 d and 7 d after the onset of the injections. The
progression of HTG was monitored using serum TG levels.

1.3 Triglyceride-lowering therapy
Fenofibrate powder (Sigma-Aldrich, St. Louis. MO, USA) was suspended in 0.5%
sodium carboxyl methyl cellulose at a concentration of 20 mg/mL. For fenofibrate
treatment, mice received 100 mg/kg/d, 100 mg/kg/bid or 100 mg/kg/tid fenofibrate by
gavage 6 h after the first caerulein injection until 5 d after the start of treatment. The
animals were anaesthetized with 50 mg/kg sodium pentobarbital intraperitoneally and
sacrificed at 1 d, 3 d and 5 d.

1.4 Blood analysis
Blood was obtained from the tail vein. Serum TG and total cholesterol (TC) levels
were determined using a commercially available kit (Beijing Zhongsheng Beikong
Biochemistry Company, China), and free fatty acid (FFA) was measured using an FFA
kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan). Blood amylase activity was
measured using a commercial kit (Beijing Zhongsheng Beikong Biochemistry
Company, China). All protocols were performed according to the manuals from the
manufacturer.

1.5 Histopathology
Pancreatic tissues were fixed in 4% paraformaldehyde, and histology was
evaluated after staining the sections with haematoxylin and eosin (HE). Images were
obtained using a microscope (IX73, Olympus, Tokyo, Japan). Necrosis was
characterized by decreased basophilic staining of the cytoplasm or “empty” spaces with
pyknotic nuclei surrounded by the cell membrane.5, 6 For each section, 10 consecutive
non-overlapping ﬁelds were photographed at a magnification of 200×. The digital
images were analysed with Image-Pro Plus 4.5 software (Media Cybernetics, Maryland,

USA), and the percentage of the necrotic parenchyma of the total pancreatic
parenchyma was calculated.
Pancreatic fibrosis was evaluated using Sirius red (Picrosirius red stain kit,
Polysciences, Inc., Warrington, PA) and Masson’s staining (Trichrome Stain kit, Abcam,
Cambridge, UK) according to the manufacturer's protocols. Images were obtained at
200× and 400× magnification using a microscope (IX73, Olympus, Japan). For
quantification, ten fields (each field with 200× magnification) were quantified per
mouse.

1.6 Immunohistochemical examination
The

sections

from

paraffin-embedded

tissues

were

subjected

to

immunohistochemical staining. Sections (5 µm) were deparaffinized, hydrated and
pretreated with EDTA antigen repairing buffer (pH=9.0) for antigen retrieval, followed
by incubation with 3% H2O2 for 25 min in the dark. After blocking with 3% bovine
serum albumin (BSA), cluster of differentiation 68 (CD68) and Ki-67 staining was
performed on sections with a rabbit anti-CD68 antibody (1:1000, Abcam, Cambridge,
UK) and a rabbit anti-Ki67 antibody (1:1000, Abcam, Cambridge, UK) respectively.
Tissues were subsequently incubated with a secondary anti-rabbit IgG HRP-labelled
antibody for 50 min. Finally, tissues were counterstained with haematoxylin. Images
were obtained at 200× and 400× magnification using a microscope (IX73, Olympus,
Japan). For quantification, ten fields (each field with 200× magnification) were
quantified per mouse.

1.7 Western blot analysis
Proteins (50 μg) were loaded in each lane for separation using sodium
dodecylsulfate-polyacrylamide gel electrophoresis and were transferred onto
polyvinylidene difluoride membranes. After blocking with 5% BSA, the membranes
were incubated with a rabbit monoclonal anti-proliferating cell nuclear antigen (antiPCNA, 1:1000, Abcam, Cambridge, UK) and anti-transforming growth factor-β1 (antiTGF-β1, 1:1000, Abcam, Cambridge, UK) at 4℃ overnight. The mouse monoclonal βactin antibody (1:2000, Sigma-Aldrich, USA) served as the internal control. The

membranes were subsequently incubated with a secondary goat anti-rabbit/mouse IgG
HRP-labelled antibody (1: 10000, Sigma-Aldrich, St. Louis. MO, USA) for 1 h at room
temperature. The images were developed using the ECL detection system (CLiNX,
Shanghai, China), and signal quantification was performed using Chemistry analysis
software (CLiNX, Shanghai, China).
1.8 Human subjects
We conducted a 1-year follow-up study at the pancreatic critical care centre of
Jinling Hospital. The patients were admitted to the centre from January 1, 2016, to
January 1, 2017. All the enrolled patients had a diagnosis of severe AP (SAP), which
was diagnosed by the presence of persistent (failure to resolve within 48 h) organ failure
as per the Atlanta classification.7 HTG was defined as serum TG levels≥1.7 mmol/L.
According to the initial serum TG levels obtained during the first 72 h of hospitalization,
each patient was classified into a severity category as follows: normal (serum TG level
<1.7 mmol/L), mild (1.7-5.7 mmol/L), moderate (5.7-11.3 mmol/L) and severe (≥11.3
mmol/L) 8. Faecal elastase 1 (FE-1) was detected 1 year after disease onset to assess
pancreatic exocrine function using a commercial kit (Immundiagnostik AG, Bensheim,
Germany). Further information was collected from the Acute Pancreatitis Database of
the pancreatic critical care centre. Written informed consent was obtained from each
subject on admission. The study was approved by the ethics committee of Jinling
Hospital affiliated with the Medical School of Nanjing University.

1.9 Statistical analysis
The experimental data were analysed with GraphPad Prism 5 and were presented
as the mean±standard deviation (SD). Continuous variables were compared using
Student’s t-test (two groups) and one-way ANOVA (three groups). The clinical data
were analysed with the SPSS 22.0 statistical software package (IBM Analytics, Armonk,
NY). For comparison of the groups, normality tests were used to determine whether the
data followed a normal distribution. Numerical variables were presented as medians
and interquartile ranges (non-normal variables) or the mean±SD (normal variables).
Categorical variables were presented as percentages, and the χ2 test was used for

analysis. A value of P<0.05 was considered significant (* <0.05; ** <0.01; *** <0.001;
#

<0.05, ##<0.01).
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Supplementary figures and table

Figure S1 HTG inhibits pancreatic repair after caerulein-induced AP. HTG was induced
using 0.1 g/kg P407 (the mild HTG group), 0.25 g/kg P407 (the moderate HTG group)
or 0.5 g/kg P407 (the severe HTG group). The PBS-AP group (the NTG mice) was
administered PBS instead of P407 in the same amount and duration. (A) Representative
histological changes in the pancreas. Scale bar: 50 μm. (B) The serum TG and TC levels
at different time points (n=10 per group). (C) Quantification of the necrotic area as a
percentage of the total pancreatic sections at different time points (n=10 per group). *
P<0.05; ** <0.01; *** <0.001 vs control group; # P<0.05, ##<0.01 vs prior time points.

AP, acute pancreatitis; HTG, hypertriglyceridemia; NTG, normal triglyceride; P407,
poloxamer 407; TC, total cholesterol; TG, triglyceride.

Figure S2 Changes in the serum lipid levels after AP. (A) The serum TG, TC, and FFA
levels in the 0.5 g/kg P407-induced HTG mice. (n=10 per group) (B) The serum TG,
TC, and FFA levels in the GPIHBP1-/- mice (n=10 per group). * P<0.05; ** <0.01; ***
<0.001 vs control group; # P<0.05, ##<0.01 vs prior time points. AP, acute pancreatitis;
FFA, free fat acid; GPIHBP1, glycosylphosphatidylinositol-anchored high-density
lipoprotein-binding protein1; HTG, hypertriglyceridemia; P407, poloxamer 407; TC,
taotal cholesterol; TG, triglyceride; WT, wild type.

Figure S3 The serum amylase levels in the HTG mice after AP (n=10 per group). HTG

was induced using 0.5 g/kg P407 in the P407-AP group. * P<0.05; ** <0.01; *** <0.001
vs control group;

#

P<0.05,

##

<0.01 vs prior time points. AP, acute pancreatitis;

GPIHBP1, glycosylphosphatidylinositol-anchored high-density lipoprotein-binding
protein1; HTG, hypertriglyceridemia; P407, poloxamer 407; WT, wild-type.

Figure S4 The infiltration of macrophages is retarded in the HTG mice. HTG was
induced using 0.5 g/kg P407 in the P407-AP group (the HTG mice). The PBS-AP group
(the NTG mice) was administered PBS instead of P407 in the same amount and duration.
(A) The visualization of macrophage infiltration with CD68 staining on pancreatic
sections from mice after a caerulein challenge. Scale bar: 50 μm. Boxed regions are
shown at a higher magnification on the left side (enlarged 2×). (B) Quantification of
CD68-positive cells (n=10 per group). * P<0.05; ** <0.01; *** <0.001 vs control group;
#

P<0.05,

##

<0.01 vs prior time points. AP, acute pancreatitis; CD68, cluster of

differentiation 68; HTG, hypertriglyceridemia; NTG, normal triglyceride; P407,

poloxamer 407.

Figure S5 HTG increases fibrosis during the late phase of AP. HTG was induced using
0.5 g/kg P407 in the P407-AP group (the HTG mice). The PBS-AP group (the NTG
mice) was administered PBS instead of P407 in the same amount and duration. (A) The
visualization of pancreatic fibrosis by Sirius staining of pancreatic sections. Scale bar:

10 μm. (B) The visualization of fibrosis by Masson’s staining of pancreatic sections.
Scale bar: 10 μm. (C-D) The quantification of Sirius-positive areas (left) and Masson’spositive areas (right) as a percentage of the total area in pancreas sections. (n=10 per
group). (E) A Western blot analysis of TGF-β1 expression in the pancreas of the mice
with AP. (n=10 per group). * P<0.05; ** <0.01; *** <0.001 vs control group; # P<0.05,
##

<0.01 vs prior time points. AP, acute pancreatitis; HTG, hypertriglyceridemia; NTG,

normal triglyceride; P407, poloxamer 407; TGF-β1, transforming growth factor-β1.

Figure S6 HTG leads to a delay in the pancreatic proliferative response after AP. HTG
was induced using 0.5 g/kg P407 in the P407-AP group (the HTG mice). The PBS-AP
group (the NTG mice) was administered PBS instead of P407 in the same amount and
duration. (A) The visualization of acinar cell regeneration as determined by Ki-67
staining in pancreatic sections. Scale bar: 50 μm. Boxed regions are shown at a higher
magnification on the left side (enlarged 2×). (B) Quantification of Ki-67-positive nuclei
(n=10 per group). (C) A Western blot analysis of PCNA expression in the pancreas of
the mice with AP. (n=10 per group). * P<0.05; ** <0.01; *** <0.001 vs control group;

#

P<0.05,

##

<0.01

vs

prior

time

points. AP,

acute

pancreatitis;

HTG,

hypertriglyceridemia; NTG, normal triglyceride; P407, poloxamer 407; PCNA,
proliferating cell nuclear antigen.

Figure S7 A flow chart of the study population. Among the patients who were unable
to participate, 2 patients died of severe infection after being discharged from the ICU,
8 patients could not be contacted, and 10 patients refused to participate. The patients
were classified into different categories: normal (serum TG levels<1.7 mmol/L), mild
(1.7-5.6 mmol/L), moderate (5.6-11.3 mmol/L) and severe (≥11.3 mmol/L). ICU,
intensive care unit; NTG, normal triglycerides; SAP, severe acute pancreatitis; TG,
triglyceride.

Table 1 Baseline characteristics of the enrolled patients on ICU admission
Characteristic

NTG

Mild HTG

Moderate

Severe HTG

Ptrend

(n=11)

(n=37)

HTG (n=11)

Age, (years)

39 (32-55)

45 (37-50)

44 (32-50)

47 (39-51)

0.758

Male, n (%)

8 (72.7)

22 (59.5)

7 (63.6)

6 (42.9)

0.482

BMI (kg/m2)

23 (20-27)

24 (22-27)

23 (22-29)

26 (24-28)

0.354

Biliary

8 (72.7)

22 (59.5)

2 (18.2)

2 (14.3)

0.002

Hyperlipemia

0 (0)

0 (0)

9 (81.8)

12 (85.7)

<0.001

Alcohol

0 (0)

3 (8.1)

0 (0)

0 (0)

0.349

Other

3 (27.3)

12 (32.4)

0 (0)

0 (0)

0.019

Hypertension

1 (9.1)

10 (27.0)

4 (36.4)

6 (42.9)

0.248

Diabetes

0 (0)

4 (10.8)

2 (18.2)

2 (14.3)

0.552

Charlson score, median (IQR)

1 (0-1)

0 (0-1)

0 (0-1)

0 (0-1.25)

0.422

APACHEⅡ score, median (IQR)

10 (8-17)

14 (11-16)

14 (9-20)

13 (10-19)

0.494

Serum TG (mmol/L), median (IQR)

1.2 (1.0-1.4)

2.7 (2.1-3.7)a

7.0 (5.9-10.2)ab 14.2

(n=14)

Demographic data, median (IQR)

Etiology, n (%)

Co-morbidities, n (%)

(13.4- <0.001

23.4)abc
Serum TC (mmol/L), median (IQR)

2.3 (1.9-2.7)

2.6 (2.2-2.9)

2.9 (2.0-3.2)

2.8 (1.9-5.4)

The numerical variables were analyzed by Kruskal–Wallis test, and the categorical
variables were analyzed by χ2 test. Ptrend represents comparison between the four groups.
Mann–Whitney test was applied for post hoc analysis. aP <0.001 vs NTG; bP <0.001 vs
mild HTG; cP <0.001 vs moderate HTG. APACHE, Acute Physiology and Chronic
Health valuation; BMI, body massive index; HTG, hypertriglyceridemia; IQR,
interquartile range;

NTG, normal triglyceride; TC, taotal cholesterol; TG, triglyceride.

0.48

Figure S8 Pancreatic recovery is promoted by 100mg/kg/tid fenofibrate treatment
rather than 100mg/kg/d or 100mg/kg/bid administration in HTG mice. HTG was
induced using 0.5 g/kg P407 in P407-AP group (the HTG mice). (A) Representative
histological changes in the pancreas. Scale bar: 50 μm. (B) The serum TG and TC level
at different time points (n=10 per group). (C) Quantification of the necrotic area as a
percentage of the total pancreatic sections at different time points (n = 10 per group). *
P<0.05; ** <0.01; *** <0.001 vs control group; # P<0.05, ##<0.01 vs prior time points.
AP, acute pancreatitis; HTG, hypertriglyceridemia; P407, poloxamer 407; TC, total
cholesterol; TG, triglyceride.

Figure S9 Fenofibrate treatment (100mg/kg/tid) has no effect on the pancreatic
recovery of NTG mice. (A) Representative histological changes in the pancreas. Scale
bar: 50 μm. (B) The serum TG and TC level at different time points (n=10 per group).
(C) Quantification of the necrotic area as a percentage of the total pancreatic sections
at different time points (n = 10 per group). * P <0.05; ** <0.01; *** <0.001 vs control
group;

#

P<0.05,

##

<0.01 vs prior time points. AP, acute pancreatitis; NTG, normal

triglyceride; TC, total cholesterol; TG, triglyceride.

Figure S10 Fenofibrate increases pancreatic proliferative response after in HTG-AP
mice but not in NTG-AP mice. HTG was induced using 0.5 g/kg P407 in the P407-AP
group (the HTG mice). The PBS-AP group (the NTG mice) was administered PBS
instead of P407 in the same amount and duration. (A) The visualization of acinar cell
regeneration as determined by Ki-67 staining in pancreatic sections of NTG mice. Scale
bar: 50 μm. Boxed regions are shown at a higher magnification on the left side (enlarged
2x). (B) The visualization of acinar cells regeneration as determined by Ki-67 staining
in pancreatic sections of HTG mice. Scale bar: 50 μm. Boxed regions are shown at a
higher magnification on the left side (enlarged 2x). (C-D) Quantification of Ki-67positive nuclei. (n=10 per group). * P<0.05; ** <0.01; *** <0.001 vs control group; #
P<0.05, ##<0.01 vs prior time points. AP, acute pancreatitis; HTG, hypertriglyceridemia;
NTG, normal triglyceride; P407, poloxamer 407.

