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ABSTRACT

PURPOSE: To investigate the severity of pancreatitis in lipoprotein lipase (LPL)-deficient hypertriglyceridaemic (HTG) heterozygous
mice and to establish an experimental animal model for HTG pancreatitis study.

METHODS: LPL-deficient HTG heterozygous mice were rescued by somatic gene transfer and mated with wild-type mice. The
plasma amylase, triglyceride, and pathologic changes in the pancreas of the LPL-deficient HTG heterozygous mice were compared with
those of wild-type mice to assess the severity of pancreatitis. In addition, acute pancreatitis (AP) was induced by caerulein (50 pg/kg)
for further assessment.

RESULTS: The levels of plasma amylase and triglyceride were significantly higher in the LPL-deficient HTG heterozygous mice.
According to the pancreatic histopathologic scores, the LPL-deficient HTG heterozygous mice showed more severe pathologic damage
than the wild-type mice.

CONCLUSIONS: Lipoprotein lipase deficient heterozygous mice developed severe caerulein-induced pancreatitis. In addition, their
high triglyceride levels were stable. Therefore, LPL-deficient HTG heterozygous mice are a useful experimental model for studying
HTG pancreatitis.
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Introduction

Hyperlipidaemic acute pancreatitis (HLAP), also known
as hypertriglyceridaemic pancreatitis (HTGP), is a severe or even
fatal complication of hypertriglyceridaemia (HTG). Studies have
shown that HTG accounts for about 1% to 13% of all pancreatitis
cases'and 20% of non-alcoholic and non-biliary pancreatitis cases?.
HTG has become the most common cause of pancreatitis, aside from
biliary and alcoholic pancreatitis'**. HLAP has a high mortality
rate, a high recurrence rate and has many complications™®. However,
the pathogenesis of pancreatitis caused by hypertriglyceridaemia
is still unknown. Thus, establishing reasonable animal models
for studying HLAP is essential. Hyperlipidaemic animal models
mainly include congenital, transgenic and chemically induced
types’, wherein rats and mice are more extensively used. Related
technologies are also more mature and practical, but they also have
their respective limitations®®. Rats and mice are poorly sensitive to
diet and their synthesis and clearance rates for plasma lipoprotein
are quite different from those of humans, which leads to uneven
blood lipid levels in the models and other shortcomings, aside
from their protracted feeding times. Therefore, using rats and mice
as ideal hyperlipidaemic models is difficult. Although guinea pigs,
hamsters, and gerbils are relatively less used in experiments, their
lipid metabolisms are more similar to that of humans, which should
be given sufficient attention!®. The high-fat diet and the high-fat
emulsion gavage method are the most commonly used modelling
methods. High-fat animal models established by feeding can be
divided into exogenous type and endogenous type. Exogenous
high-fat models are mainly established through direct feeding
with feed containing high cholesterol, lard, egg yolk powder, and
so on. High-fat diet methods are in line with the pathogenesis of
human hyperlipidaemia caused by diet and are used extensively.
However, the modelling time is relatively long. In addition,
indicator uniformity of the model animals is poor because of
individual differences. The high-fat emulsion gavage method
ensures the uniformity of individual high-fat emulsion intakes,
thereby compensating for the shortcomings of the feeding method.
However, this method severely irritates animals, and long-term
stress can affect the experimental results. Transgenic modelling
has a higher cost and requires relatively complex technology.
However, the uniformity and stability of transgenic animal models
are better and heritable. Thus, this method has been widely used in
scientific researches''. Congenital animal models (i.e., spontaneous
hyperlipidemia animal models) have stable symptoms and are
heritable. These models have different degrees of similarity with
the formation mechanism of human hyperlipidemia, and thus
highly applicable. However, the difficulty of sourcing and their
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high costs restrict their experimental application. In conclusion,
with the development of animal modelling technology, transgenic
models have increasingly important role because of their similarity
with human diseases. In this research, we used transgenic
animals with good uniformity and stability (i.e., LPL-deficient
heterozygous mice). These animals were intraperitoneally injected
with caerulein to prepare an HLAP mouse model. The effect of
this new experimental model on hyperlipidaemic pancreatitis was

discussed.

Methods

The animal use protocol has been reviewed and approved
by the Institutional Animal Care and Use Committee (IACUC)
of Medicine of Peking University. A total of 26 4-month-old
LPL-deficient heterozygous CS57BL6 mice supplied by the
Cardiovascular Institute of Department of Medicine of Peking
University, were selected for this experiment. Twenty-eight
female wild-type C57BL6 mice were treated as the control
group. This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. The test groups are
shown in Table 1.

TABLE 1 - Animal test groups.
Normal blood lipid
group (wild type) (n=28)
E: control group of wild

type with normal saline
for 12 h (n=7)

F: control group of wild
type with normal saline
for 24 h (n=7)

G: experimental group of
wild type animals with
intraperitoneal
administration of caerulin
for 12 h (n=7)

H: experimental group of
wild type animals with
intraperitoneal
administration of caerulin
for 24 h (n=7)

Hyperlipidemia group
(heterozygote) (n=26)
A: control group of heterozygote

animals with normal saline for 12
h (n=6)

B: control group of heterozygote
animals with normal saline for 24
h (n=6)

C: experimental group of
heterozygote animals with
intraperitoneal administration of
caerulin for 12 h (n=7)

D: experimental group of
heterozygote animals with
intraperitoneal administration of
caerulin for 24 h (n=7)

The test animals were fasted, but water was given
(>12h). The animals in the experimental group, i.e., LPL-deficient
heterozygote mice (hyperlipidaemia group), were intraperitoneally

injected seven times with caerulein at 50 pg/kg. For the control
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group, normal saline was used instead of caerulein. The remaining
treatments were similar to that in as the experimental group. Once
the models were established, blood was collected at 12h and 24h
after the first caerulein administration. The mice were then killed
and pancreatic tissue specimens were reserved and fixed in 10%

formaldehyde solution for HE staining.

Blood lipid and amylase

The laboratory animals were fasted for 12 h, but with
access to water. Orbital venous blood was collected and heparin
was used for anticoagulation. The blood samples were centrifuged
at 4000 r/min for 10 min at 4°C. Plasma was obtained and
stored at -20°C for detection. Commercial kits (Beijing Biosino
Biotechnology Co., Ltd.) were used determine plasma TG and
amylase. To determine the TG concentration and amylase activity,
490 nm and 405 nm absorbance of the reaction products was
detected, respectively, in accordance with the kit instructions and
the data were calculated (MODELS550 microplate reader, BioRad).

Histological analysis
When the laboratory animals were killed, pancreatic

tissues were immediately obtained and fixed in 10% formaldehyde

solution. Afterward, the tissues were dehydrated, embedded,

sectioned and stained with HE. One person observed the sections.
Pancreatic tissue was classified as semiquantitative integral based
on the criteria by Schmidt et al.'?, namely, oedema, inflammatory
cell infiltration, parenchymal haemorrhage, parenchymal necrosis,

vacuolization and other indicators. Double blind scoring was used.

Statistics analysis

The experimental data are expressed as mean + standard
deviation. Analysis was carried out using SPSS 20.0. Data between
groups were analysed with a t-test and differences with p<0.05

were considered statistically significant.

Results

Plasma TG and amylase levels

The TG of each LPL-deficient heterozygous mouse
increased stably and was 3.58 mmol/L = 0.03 mmol/L. The
difference was
(0.91 mmol/L + 0.02 mmol/L). Compared with the wild-type

control group, the increase in amylase level in the LPL-defective

significant compared with the wild-type

heterozygous mice in the experimental group was statistically
significant (Table 2).

TABLE 2 - TG and amylase levels of wild type and heterozygote group.

Heterozygote Wild type
Control Control ~ Experimental Experimental  Control Control ~ Experimental Experimental
group 12h group24h  group 12 h group24h  group 12h group 24h  group 12 h group 24 h
Amylase 471.29+ 549.98+ 3685.06+ 3019.81+ 358.33+ 385.76+ 2500.89+ 2090.67+
(U/L) 22.74 93.49 483.98*# 643.36*# 42.72 37.49 409.59* 700.95%
TG 3.547+ 3.55+ 3.548+ 3.557+ 0.937+ 0.884+ 0.92+ 0.921+
(Mmol/L) 0.27 0.27 0.267 0.321 0.183 0.149 0.107 0.074

*Compared with wild type control group, p<0.05
#Compared with wild type experimental group, p<0.05.

Pancreatic histopathologic examination

The pancreatic lobules of the wild-type mice were
arranged in line and have an integral structure under light
microscopy (Figure 1 D-F). Vascular degeneration was observed
in some LPL-deficient heterozygous mice cells. Under light

microscopy, oedema was clearly observed in the pancreatic

mesenchyme of the heterozygote experimental group at each time
point. The leaf interval, interlobular septa and acinar interval were
widened. Point-focal necrosis of the acinar cells was observed,
especially after 12h. Granulocyte infiltration was observed in the
interval cells, and bleeding was not serious (Figure 1 A-C). The

pancreatic histopathologic scores are shown in Table 3.
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FIGURE 1 - Representative images of histological changes in pancreatic
tissue, 12h, 24h after injection of caerulein. Tissue samples were stained
with haematoxylin-eosin and observed at magnifications, x200 as
indicated. Top panel (A, B and C): LPL deficient HTG heterozygous mice;
bottom panel (D, E and F): wild type mice.(A: heterozygote control group
%200, B: heterozygote experimental group 12h %200, C: heterozygote
experimental group 24h x200, D: wild type control group x200, E: wild
type experimental group 12h %200, F: wild type experimental group 24h
%200).
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TABLE 3 - Pancreatic histological semi-quantitative

integral.
Test groups Time Edema Necrosis Bleeding Inflamma-
point tory cell
infiltration
Heterozy- 12h 0.80+ 1.78+ 0.80+ 0.10+
gote control 0.27 0.43 0.25 0.22
group
24h 080+ 1.77+ 0.81+ 0.10+
0.26 0.42% 0.23 0.22
Heterozy- 12h 394+  3.94+ 1.84+ 1.84+
gote ex- 0.21* 0.21* 0.25% 0.25%
perimental
group
24h 357+  2.05+ 1.13+ 1.18+
0.37* 0.87 0.52 0.66*
Wildtype 12h 0.50+  0.50+ 0.50+ 0.10+
control 0.50 0.35 0.50 0.22
group
24h 050+  0.50+ 0.50+ 0.10+
0.50 0.35 0.50 0.22
Wildtype 12h 3.06+  2.52+ 0.46+ 0.58+
experimen- 0.01 0.51 0.22 0.38
tal group
24h 252+ 141+ 0.58+ 0.27+
0.01 0.22 0.44 0.22

*Compared with wild type experimental group, p < 0.05.
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Discussion

Hyperlipidaemia, also known as abnormal lipid
metabolism, is an important cause of fatty liver, atherosclerosis,
and other diseases. Recently, hypertriglyceridaemia has become
a cause of acute pancreatitis. Among numerous animal models,
transgenic animals exhibit various diseases through genes non-
expression or overexpression. Thus, the expression of the diseases
tends to be more stable. Proteins involved in lipid metabolism
mainly include three categories, corresponding receptors,
apolipoprotein (Apo) and lipid metabolism-related enzymes
and transport proteins'®>. LPL belongs to the lipase superfamily
and is a key enzyme in lipid metabolism. LPL dysfunction may
induce hyperlipidaemia and metabolic disorders, including high-
TG hyperlipidaemia and low-HDL hyperlipidaemia'*'é, which
is in accordance with the clinical characteristics of HLAP, i.e.,
high-TG hyperlipidaemia. Clinical studies have confirmed that
the incidence of pancreatitis is 360 times higher among patients
with severe hypertriglyceridaemia with 5% lower LPL activity!’.
LPL gene defects may lead to the occurrence of severe HTGP'.
Chang et al." analysed the LPL gene of 134 patients with HLAP
by denaturing high-performance liquid chromatography and high-
resolution melting analysis and found that the frequency of LPL
mutations among HTGP patients was significantly higher than that
of the normal controls.

Consequently, LPL genetically altered mice are
potentially ideal animal models for HLAP research. Ross et al.”,
the Institute of Cardiovascular Research of Peking University, and
their Canadian collaborators have successfully established the
LPL gene knockout C57BL6 mice together. The mice were male
homozygous LPL (-/-) gene knockout on a C57BL/6 background.
Due to the lack of LPL, CM and VLDL accumulation occurred
after nursing, and the mice die within 48h after birth. Therefore,
LPL (-/-) newborn mice must be treated through somatic gene
transfer of LPL447 within 12h after birth. Upon reaching
adulthood, the mice exhibit extremely high triglycerides levels
and spontaneous pancreatitis, which is in line with human LPL
defects. In this experiment, heterozygous mice, obtained by mating
the treated mice with wild-type C57BL6 mice, were used. The
mice were characterized with stable moderate hyperlipidaemia,
which provides a stable animal disease model for studying acute
pancreatitis associated with hyperlipidemia.

In this study, the histopathologic scores and haematuria
amylase changes indicated that LPL-deficient mice showed more
severe acute pancreatitis than wild-type mice when induced with

the same dose of bombesin. To determine whether the HTG mice
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were easily induced to develop pancreatitis, their pancreatitis
susceptibility was studied through the AP model established via
the intraperitoneal injection of caerulein. The caerulein-induced
by acute pancreatitis model is widely used”' and is advantageous
for evaluating the morphologic and biochemical changes in
experimental rodents. Thus, we induced acute pancreatitis using
intraperitoneal caerulein injections in these transgenic animals.
Caerulein directly stimulates pancreas cells, which activated
trypsinogen in pancreatic acinar cells and caused cell damage
and necrosis®'. Histologic observations of hyperlipidaemic acute
pancreatitis in the heterozygote experimental group showed
that pancreatitis changes in LPL-deficient heterozygote mice
were clearly more serious than in the wild-type mice, as well as
oedema and inflammatory cell infiltration were more obvious.
The difference in amylase activity between the two groups was
significant, which indicates that the LPL-deficient heterozygote
mice were more susceptible to pancreatitis or their disease was
easier to aggravate under the influence of the same pathogenic
factors. Similar studies®>® also show that the HTG induced by
high-cholesterol diets, triglyceride infusion or the injection of
an active detergent (Triton WR 1339) intensifies the course of
pancreatitis. These findings support that both of endogenous and

exogenous HTG increases susceptibility to acute pancreatitis.
Conclusions

Lipoprotein lipase-deficient heterozygous mice were
used to simulate human moderate hypertriglyceridaemic and
provide experimental evidence that HTG aggravates pancreatitis.
Therefore, this model is an ideal animal model for HTG

pancreatitis.
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