Hypertriglyceridaemia delays
pancreatic regeneration after
acute pancreatitis in mice
and patients

We read with great interest the recent
publication by Barlass et al in which
morphine was demonstrated to aggravate

the severity of acute pancreatitis (AP)
and delay pancreatic regeneration. These
results indicated the risk of morphine
use in AP-associated pain treatment.'
Similar to their observation, we found
another interesting phenomenon that
hypertriglyceridaemia (HTG), a preva-
lent metabolic disorder, delayed pancre-
atic regeneration after AP in mice and
patients. Moreover, the delayed regen-
eration process could be ameliorated by
lipid-lowering therapy.

Two models of HTG (drug induced:
poloxamer 407 (P407) and gene modi-
fied:  glycosylphosphatidylinositol-an-
chored high-density lipoprotein-binding
protein 1 (GPIHBP1) deficiency) were
employed to explore the effect of HTG on
AP repair. AP induced by caerulein infu-
sion in both normal triglyceride (NTG)
mice and HTG mice caused pancre-
atic acinar cell necrosis. The injured
pancreas was reconstructed in 3 days
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and recovered its normal architecture in
7 days in the NTG mice (figure 1A-C).
However, we observed reduced morpho-
logical recovery in the HTG mice,
especially in the severe HTG mice that
presented with prolonged necrosis until
7 days (figure 1A-C, online supple-
mentary figures 1-3). Furthermore, the
key cellular responses involved in AP
repair, including the fibroinflammatory
response and acinar cell proliferation,?
were significantly delayed in the HTG
mice (online supplementary figures 4-6).
The above results suggested the possi-
bility that the repair process associated
with AP may be impeded by HTG.
Many clinical studies have confirmed
that HTG exacerbates the severity and
prognosis of AP? but the effect of HTG
on pancreatic regeneration in patients
is still unknown. Here, we conducted a
1-year follow-up study (online supple-
mentary figure 7, supplementary table
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HTG inhibits pancreatic repair after caerulein-induced AP. (A) Representative

histological changes in the pancreas of the P407-AP group (the HTG mice) and the phosphate
buffer saline (PBS)-AP group (the NTG mice). HTG was induced using 0.5 g/kg P407 in the P407-AP
group. The PBS-AP group was administered PBS instead of P407 in the same amount and duration.
Scale bar: 50 um. (B) Representative histological changes in the pancreas of the GPIHBP1~/~-AP
group (the HTG mice) and the WT-AP group (the NTG mice). Scale bar: 50 ym. (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, **P<0.01, ***P<0.001 vs control group; *P<0.05, #*P<0.01 vs prior
time points. (D) Comparison of the FE-1 levels between the HTG categories in the patients with
severe AP (n=11 for NTG, n=37 for mild HTG, n=11 for moderate HTG and n=14 for severe HTG).
*One-way ANOVA for the trend was significant. “The Bonferroni test for post hoc analysis was
significant. AP, acute pancreatitis; FE-1, faecal elastase 1; GPIHBP1, glycosylphosphatidylinositol-
anchored high-density lipoprotein-binding protein1; HTG, hypertriglyceridaemia; NTG, normal

triglyceride; P407, poloxamer 407; WT, wild type.
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Figure 2  Fenofibrate promotes pancreatic recovery in HTG mice after caerulein-induced AP. HTG
was induced using 0.5 g/kg P407 in the P407-AP group. (A) Timetable of fenofibrate administration
(100 mg/kg/three times a day by gavage 6 hours after the initial injection of caerulein). (B) Serum
TG and TC levels of HTG mice at different time points after AP induction (n=10 per group). (C)
Quantification of the necrotic area as a percentage of the total pancreatic sections after AP
induction (n=10 per group). (D) Representative histological changes in the pancreas. Scale bar:

50 ym. *P<0.05, **P<0.01, ***P<0.001 vs control group; "P<0.05, #P<0.01 vs prior time points.
AP, acute pancreatitis; GPIHBP1, glycosylphosphatidylinositol-anchored high-density lipoprotein-
binding protein1; HTG, hypertriglyceridaemia; P407, poloxamer 407; TC, total cholesterol; TG,

triglyceride.

1) to investigate the influence of serum
triglyceride (TG) levels on pancre-
atic recovery in patients with severe
AP. Obtaining pancreas samples from
patients with AP is difficult. Given that
the exocrine function of the pancreas
is injured after AP resulting in gradual
recovery,' faecal elastase-1 (FE-1), a
hallmark of pancreatic exocrine func-
tion, was measured to indirectly evaluate
pancreas regeneration.” We found that
FE-1 levels decreased with an increase
in serum TG levels (P trend <0.001;
figure 1D).

We further investigated whether
the observed results are reversible by
treating HTG with TG-lowering agents
after the onset of AP. Fenofibrate, the
most common agent used clinically for
decades, was repeatedly administered
6hours after the initial injection of
caerulein (figure 2A). Compared with
100 mg/kg/day and 100 mg/kg/twice
daily of fenofibrate, 100 mg/kg/three
times a day fenofibrate significantly
lowered serum TG levels in the HTG-AP
mice in 3 days (figure 2B, online supple-
mentary figure 8). Histopathological
examination showed no difference in
pancreatic morphology between the
HTG-AP and fenofibrate-treated groups
at 1 day and 3 days, indicating that feno-
fibrate had no effect on the severity of
early-stage AP (figure 2C,D). Progres-
sively, compared with the control group,

the 100 mg/kg/three times a day fenofi-
brate-treated HTG group had reduced
necrosis and enhanced expansion of
acinar cells at 5 days, while the other
two dosages had no comparable effect
(figure 2C,D, online supplementary
figure 8A,C). In addition, this improve-
ment was not observed in the NTG mice
(online supplementary figures 9-10).

In conclusion, we demonstrate that
HTG is a risk factor for a delay in AP
regeneration, which can be reversed by
intensive fenofibrate administration after
the onset of AR Whether TG-lowering
therapy is necessary after AP is contro-
versial.® Our present results may provide
a new perspective for clinical practice.

Na Yang,' Baigiang Li,' Yiyuan Pan,"?

Jianfeng Tu," George Liu,? Guotao Lu,"*
Weigin Li'

1Surgical Intensive Care Unit (SICU), Department of
General Surgery, Jinling Hospital, Medical School of
Nanjing University, Nanjing, China

ZIntensive Care Unit (ICU), Suzhou Municipal Hospital
(East Campus), Nanjing Medical University Affiliated
Suzhou Hospital, Suzhou, China

3Key Laboratory of Molecular Cardiovascular Science
Ministry of Education, Institute of Cardiovascular
Science, Peking University, Beijing, China
“Department of Gastroenterology, Affiliated Hospital of
Yangzhou University, Yangzhou University, Yangzhou,
China

Correspondence to Dr. Guotao Lu, Surgical Intensive
Care Unit (SICU), Department of General Surgery Jinling
Hospital, Medical School of Nanjing University Nanjing
China ; pkulgt@163.com and Pro. Weigin Li, Surgical
Intensive Care Unit (SICU), Department of General

Surgery, Jinling Hospital, Medical School of Nanjing
University, Nanjing 210029, China; njzy_pancrea@
163.com

Correction notice This article has been corrected
since it published Online First. Figure 1 has been
updated.

Contributors NY, BL and YP performed experiments,
analysed data, prepared figures and wrote the
manuscript. JT collected patients’ information and
evaluated data of human samples. Gel edited

the manuscript. WL and GuL conceived the study,
supervised and directed experiments, analysed data,
provided funding and edited the manuscript.

Funding This work was supported by the National
Natural Science Foundation of China (no. 81570584),
Key Research and Development Program Foundation
of Jiangsu Province of China (no. BE2015685)

and Postdoctoral Science Foundation of China
(2014M562664).

Disclaimer The views expressed in the submitted
manuscript are our own and not an official position of
the institution or funder.

Competing interests None declared.
Patient consent Obtained.

Ethics approval The Ethics Committee of Jinling
Hospital.

Provenance and peer review Not commissioned;
externally peer reviewed.

OPEN ACCESS

Open access This is an open access article
distributed in accordance with the Creative Commons
Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build
upon this work non-commercially, and license their
derivative works on different terms, provided the
original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/
by-nc/4.0/

© Article author(s) (or their employer(s) unless
otherwise stated in the text of the article) 2019. All
rights reserved. No commercial use is permitted unless
otherwise expressly granted.

» Additional material is published online only. To
view please visit the journal online (http://dx.doi.org/
10.1136/gutjnl-2017-315560).

NY, BL and YP contributed equally.

I ") Check for updates

To cite Yang N, Li B, Pan Y, et al. Gut
2019;68:378-380.

Received 30 October 2017

Revised 27 February 2018

Accepted 3 March 2018

Published Online First 6 March 2018

Gut 2019;68:378-380. doi:10.1136/
qutjnl-2017-315560

REFERENCES

1 Barlass U, Dutta R, Cheema H, et al. Morphine
worsens the severity and prevents pancreatic
regeneration in mouse models of acute pancreatitis. Gut
2018;67:600-2.

Gut February 2019 Vol 68 No 2

379



2 Murtaugh LC, Keefe MD. Regeneration and repair of the 4 XuY,Wu D, Zeng Y, et al. Pancreatic exocrine function 6 Tsuang W, Navaneethan U, Ruiz L, et al.
exocrine pancreas. Annu Rev Physiol 2015;77:229-49. and morphology following an episode of acute Hypertriglyceridemic pancreatitis: presentation and
3 Nawaz H, Koutroumpakis E, Easler J, et a/. Elevated pancreatitis. Pancreas 2012;41:922-7. management. Am J Gastroenterol 2009;104:984-91.
serum triglycerides are independently associated with 5 Loser C, Mollgaard A, Félsch UR. Faecal elastase 1: a
persistent organ failure in acute pancreatitis. Am J novel, highly sensitive, and specific tubeless pancreatic
Gastroenterol 2015;110:1497-503. function test. Gut 1996;39:580-6.

380 Gut February 2019 Vol 68 No 2


http://crossmark.crossref.org/dialog/?doi=10.1136/gutjnl-2017-315560&domain=pdf&date_stamp=2018-11-24

