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Pancreatitis is one of the most common inflammatory diseases of the pancreas caused by au-
todigestion induced by excessive premature protease activation. However, recognition of novel
pathophysiological mechanisms remains a still challenge. Both genetic and environmental fac-
tors contribute to the pathogenesis of pancreatitis, and the gut microbiota is a potential source
of an environmental effect. In recent years, several new frontiers in gut microbiota and genetic

risk assessment research have emerged and improved the understanding of the disease. These
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investigations showed that the disease progression of pancreatitis could be regulated by the
gut microbiome, either through a translocation influence or in a host immune response manner.
Meanwhile, the onset of the disease is also associated with the heritage of a pathogenic muta-
tion, and the disease progression could be modified by genetic risk factors. In this review, we

focused on the recent advances in the role of gut microbiota in the pathogenesis of pancreatitis,
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and the genetic susceptibility in pancreatitis. (Gut Liver 2022;16:686-696)
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INTRODUCTION

Pancreatitis, one of the most common gastrointestinal
diseases, is the main cause for hospital admission, and the
incidence of pancreatitis is increasing worldwide, which is
associated with the elevated socioeconomic burden.' The
annual incidence of acute pancreatitis (AP) is approxi-
mately 34 per 100,000 in developed countries and it keeps
a continuous growth worldwide.” AP is usually caused by
structural obstruction of the biliary tract, alcohol con-
sumption, endoscopic retrograde cholangiopancreatogra-
phy and drugs, which ultimately lead to acinar cell death,
inducing local and systemic inflammation.”” Chronic
pancreatitis (CP) often occurs in patients with recurrent
pancreatic injury or prolonged AP. Despite many advances
have been made in respects of the pathophysiology of pan-
creatitis, there are still no medication available to treat or
prevent AP at present.’ Additionally, in many cases, indi-
viduals who even have attacks of alcoholism and gallstones

do not suffer from AP”* This inclined us to further explore
the underlying mechanism of pancreatitis.

The pathogenesis of disease is generally related with ge-
netic and environmental factors, while human gut micro-
biome is recognized as a potential source of environmental
effect on illness.” Recent studies regarding the role of gut
microbiome in the pathophysiology of the pancreas are
increasing, during which immune regulation and interplay
between host microbiomes and the pancreas attract much
attention.'” " These studies have initiated new insight into
pancreatic diseases from the perspective of the gastroin-
testinal microbiota. On the other hand, it has long been
suspected that genetic susceptibility factors conduce to the
pathogenesis of the disease, since only a small proportion
of alcoholics finally develop CP." Various groups of genetic
mutations, such as the serine peptidase inhibitor Kazal
type 1 (SPINKI1), anionic trypsinogen serine protease 2
(PRSS2), cationic trypsinogen serine protease 1 (PRSS1),
cystic fibrosis transmembrane conductance regulator

Copyright © Gut and Liver.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
BY

pem  Which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.gutnliver.org


http://crossmark.crossref.org/dialog/?doi=10.5009/gnl210362&domain=pdf&date_stamp=2022-09-15

Xu F, et al: Gut Microbiota and Genetic Susceptibility in Pancreatitis

(CFTR) genes and so on, were observed in various types of
pancreatitis.'*"” These specific genetic mutations instruct
us to uncover the underlying mechanism of pancreatitis on
a genetic and cellular level.

In this review, we summarize recent advances in re-
search of gut microbiota and genetics related to pancreati-
tis, and analyze the role of the gut microbiota and genetic
susceptibility in the pathogenesis of pancreatitis. Addition-
ally, we discuss the relationship between gut microbiota
and genetic susceptibility in patients with pancreatitis and
are attempting to speculate the pathogenesis of pancreatitis
from a novel perspective.

THE ROLE OF GUT MICROBIOTA IN
PANCREATITIS

1. Acute pancreatitis

During the course of AP, microcirculatory injury and
hypovolemia would emerge,'® which could cause intesti-
nal mucosal ischemia and subsequent reperfusion injury,
leading to dysfunction of intestinal barrier and gut mi-
crobiota translocation. Current investigations have shown
heterogeneity in intestinal microbial composition between
pancreatitis patients and healthy controls. Zhang et al.”
made use of high-throughput 16S rRNA gene amplicon
sequencing to detect the gut microbiome of 45 AP patients
and 44 healthy individuals, and analyzed the differences
between the two groups. The results showed that the com-
position of intestinal flora in AP patients was remarkably
changed, and the diversity of their phyla was significantly
reduced. Moreover, samples from AP patients had a higher
abundance of Proteobacteria and Bacteroidetes, while the
abundance of Firmicutes and Actinobacteria was relatively
lower when compared with those from healthy individu-
als (Table 1). Although the imbalance of gut microbiota
of AP patients is causative or reactive is still unclear, it is
speculated that this may be the inevitable process of the
onset and development of AP. Li et al.”’ detected DNA of
Escherichia coli, Shigella and other bacteria in the blood of
AP patients, further confirming that intestinal opportunis-
tic bacteria can enter the blood circulation of AP patients
through the damaged intestinal barrier, thus aggravating
the progression of the disease and the occurrence of infec-
tious complications (Table 1).

When it comes to the evaluation of severity and prog-
nosis of AP, the imbalance of bacterial composition and
altered gut microbiota diversity are two overlooked fac-
tors and have been gradually emphasized by researchers
in recent years. Yu et al.”' found that Bacteroides, Esch-
erichia and Shigella, and Enterococcus were dominant

intestinal bacterial community in mild, moderately severe,
and severe AP, respectively. Moreover, they investigated
the relationship between the alterations of gut microbiota
and prognosis in hypertriglyceridemia-associated acute
pancreatitis (HTGAP) patients in follow-up studies, which
showed that HTGAP group had worse prognosis (higher
proportion of organ failure and longer hospital stay) and
poorer microbial diversity when compared to AP patients
with other etiologies (Table 1).” Similarly, Zhu et al.** also
reported that the severity of AP is associated with gut
microbiota dysbiosis in both human and animal models.
These studies suggest the role of gut microbiota might play
in evaluating patients and as potential target for treatment.

Though the efficacy of probiotics, such as Bifidobacte-
rium and Lactobacillus, in treatment of severe acute pan-
creatitis (SAP) is controversial according to earlier clinical
trials,”* updated studies hold optimistic view in applica-
tion of probiotics in therapy with SAP. One recent meta-
analysis concluded that probiotics have beneficial effects
on decreasing duration of hospital stay and reducing risk
of organ failure in patients with SAP** In animal models,
Lei et al.” found that Parabacteroides could alleviate AP in
heparanase-transgenic mice by reducing neutrophil infil-
tration. Their mechanism research indicated that acetate
derived from this gut microbiota genera reduced neutro-
phils in blood and resulted in less neutrophil infiltration
in the pancreas, and thereby enhancing the host defense
against pancreatic inflammation. These studies enriched
our knowledge of AP and laid the foundation for future
translation work.

2. Chronic pancreatitis

CP with its damaged pancreatic acinar cells, can result
in pancreatic exocrine insufficiency and small intestinal
bacteria overgrowth. Small intestinal bacteria overgrowth
appears to be more likely to occur in CP patients, due to
intestinal dysmotility and reduced alkalization of intestinal
fluid, as well as reduced pancreas-derived antimicrobial
peptide.” In a meta-analysis performed by Memba et al,”
three of 10 studies that met the inclusion criteria have as-
sessed the gut flora in patients with CP.*** They manifest-
ed that the abundance of Bifidobacterium or Lactobacillus
were lower, while the abundance of Enterobacteriaceae was
higher in CP patients (Table 1). Although data are still lim-
ited, lower levels of Bifidobacterium are observed both in
AP and CP. Moreover, Bifidobacterium probably has ben-
eficial role in other diseases like obesity, cystic fibrosis, in-
flammatory bowel disease, and irritable bowel syndrome.”
Clinically, this effect might be transformed into a potential
therapeutic intervention to pancreatitis.

Autoimmune pancreatitis (AIP), a unique form of CP,
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characterizes by storiform fibrosis and periductal lympho-
plasmacytic infiltrate with or without granulocyte epithelial
lesions, and depending on which to be divided into two
types.”” The most important feature of AIP (solely for type
1) is the elevation of serum immunoglobulin G4. One study
found that E. coli could generate AIP-like pathophysiologi-
cal changes in the pancreas of control mice.”® Besides, this
research also indicated that the antibody titers against E.
coli in AIP patients were significantly higher than the titers
of healthy controls.” This may be another evidence that
antigens of the intestinal microbiota could influence disease
progression of pancreatic disorders. On the other hand,
autoimmune response in AIP and malnutrition in CP could
result in dysregulation of intestinal microbiota and influence
gut microenvironment. Hamada et al.** analyzed the fecal
samples of eight CP patients and 12 AIP patients before ste-
roids therapy. They found that no significant alterations were
observed in gut microbiota between CP and AIP patients
at the phylum level.”® However, Streptococcus, Bacteroides,
and Clostridium were more abundant in the fecal samples
of patients with CP compared with patients with AIP (Table
1). The reason for the elevated abundance of these bacterial
species is still not very clear, but it may reflect a decrease in
trypsin or malabsorption associated with CP.
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3. Pathogenesis hypothesis

It is well-known that gut microbiota takes part in hu-
man physiological activities via influences on regulation
of the mucosal immune system and intestinal architecture,
involvement of digestion and metabolism.” Tt is still con-
troversial whether microorganisms inhabit normal pan-
creas.”™"" But it is a great chance that translocation of intes-
tinal flora would occur, since the pancreas is linked to the
gastrointestinal tract anatomically via the pancreatic duct
and the route of mesenteric venous and lymphatic drainage
(Fig. 1). Gut microbiota is confined to gastrointestinal tract
in physiological conditions due to gastrointestinal mucosal
barriers, including mechanical barrier, immune barrier, and
biological barrier, which can effectively prevent the intesti-
nal pathogenic bacteria and toxins to reach outside the gut.
Once this homeostasis is disrupted, intestinal opportunistic
pathogens can enter the blood circulation of AP patients
through the damaged intestinal barrier, thus aggravating
the progression of disease and the occurrence of infectious
complications. In a meta-analysis of 18 studies, approxi-
mately 59% of patients with pancreatitis had intestinal
barrier imbalance.” Inflammation is the main pathophysi-
ological response in pancreatitis, which is driven by either
an infectious or a sterile event. Though bacteria are not the
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[ @ —> Mesenteric venous drainage
@ —» Mesenteric lymphatic drainage

’0\1 ': Lymph node

# Lymph node with
' translocated bacteria

Stomach
o Upper )
) R
. - T Immunoregulation

o—" | Inflammation

Pancreas

:;;)‘::/; (<) Immune
cells

& 1 Antimicrobial | Antimicrobial
peptides peptides
Rkl o

L1

1 Short-chain
oo fatty acids

Bacterial overgrowth

1 Inflammation

Fig. 1. Proposed routes of bacterial translocation to the pancreas and host response. The controversial routes whereby bacteria access the pan-
creas: however several mechanisms, such as the oral route (1), translocation from the lower gastrointestinal tract through the portal circulation
(2), or mesenteric lymph nodes (3) are supported by the literature and are illustrated. Additionally, pancreatic antimicrobial peptides can have
homeostatic bidirectional communication with the gastrointestinal tract, whereby the lower gastrointestinal microbiota influences pancreatic an-
timicrobial peptide production through short- chain fatty acid metabolites to induce an immunoregulatory pancreatic environment with decreased
pro- inflammatory immune cells. Conversely, decreased antimicrobial peptide production by the pancreas enables gastrointestinal microbiota
overgrowth and the development of a pro-inflammatory phenotype. Adapted from Thomas RM, et al. Nat Rev Gastroenterol Hepatol 2020;17:53-

b4, with permission from Springer Nature.”’
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directly cause of pancreatitis, the microorganisms can enter
the pancreas in the inflammatory environment and aggra-
vate the local and systemic inflammation. This is consistent
with theories that the gut is the origin of clinical sepsis."*

In recent years, the role of immune cells in the patho-
genesis of pancreatitis has been paid much attention, and
further understanding of immune signaling pathway have
been utilized to identify new therapeutic targets that may
alter disease progression.”*** The relationship between gut
microbiota and host immune system is intimate and com-
plex. Host-microbiota communication is mainly based on
one group of host receptors, the pattern recognition recep-
tors (PRRs) of the innate immune system, such as Toll-like
receptors, C-type lectin receptors, and nucleotide-binding
oligomerization domain (NOD)-like receptors."** In pan-
creatic acinar cells, inflammation and immune response
can be triggered by sensing of microorganism antigens by
PRRs, which is involved in the pathogenesis of pancreati-
tis.”” In animal models, pancreatitis in mice model could
be induced by chronic low-dose cerulein (cholecystokinin
receptor agonist) stimulation collaborating with NOD1
agonist stimulation, while this effect is prevented in NOD1
knockout mice.” One study indicated that gut microbiota
could trigger non-infectious pancreatic inflammation
through NOD1 signaling pathway in pancreatic acinar
cells by binding to a peptide derived from peptidoglycan.”

Antimicrobial peptides (AMPs) are secretory compo-
nents in the gastrointestinal tract. Though most proteins
in pancreatic juice are contributed by digestive enzymes,
the AMPs secreted by pancreatic acinar cells are also very
important component of pancreatic juice.”"*
AMPs have a prominent role in regulating the gut micro-
biota that is essential for gut innate immunity. There is an
intimate bidirectional communication between pancreatic
AMPs and gut microbiota. On one hand, the lower gut
flora could influence the production of pancreatic AMP to
produce an immunoregulatory pancreatic environment by
decreasing pro-inflammatory immune cells through short-
chain fatty acids which are anti-inflammatory metabolites
produced by intestinal microbiome, also facilitate integrity
of intestinal epithelium.'” On the other hand, lack of AMP
by the pancreas disrupts the gut microbiome homeostasis
and leads to intestinal bacteria overgrowth and develop-
ment of a pro-inflammatory status (Fig. 1). Additionally,
the secretion of cathelicidin-related antimicrobial pep-
tide (CRAMP) decreases when the Ca®* channel Orail is
knocked out in pancreatic acinar cells (Orail™) of adult
mice, and resulted in systemic infection and high mortality
rate due to intestinal bacterial overgrowth, elevated intesti-
nal permeability and bacterial translocation."

Pancreatic
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OF PANCREATITIS
1. Hereditary/familial pancreatitis

Hereditary pancreatitis (HP) is defined as the condi-
tion in a family with two or more members suffered from
recurrent acute pancreatitis (RAP) or CP in two or more
generations, or perhaps pancreatitis which is associated
with the pathogenic mutation of the cationic trypsinogen
PRSS1 gene.” This gain-of-function mutation of the cat-
ionic trypsinogen gene was first discovered by Whitcomb
et al. in 1996, which brought new insights into pathogen-
esis of pancreatic disorders from the perspective of genet-
ics. Most HP cases are inherited in autosomal dominant,
whereas familial pancreatitis is used to describe recessive
or complex phenotypes by clinical investigators or geneti-
cists.” HP usually manifests as AP presented in childhood
and subsequently resulting in the morphologic changes of
CP with more frequent attack. As time going on, a variety
of complications followed by CP, including pancreatic fi-
brosis, pancreatic exocrine insufficiency, pancreatic ductal
adenocarcinoma and so on, might emerge.”*”

Recent HP-related investigations have shown the mecha-
nism and process of a primary susceptibility factor, such
as PRSS1 R122H, turn into risk factors for AP and CP via
RAP*® These findings confirmed the trypsin dependent
theory in which gain-of-function mutations brought about
trypsinogen or trypsin to be resistant to degradation. Be-
sides, the activation of premature trypsin might take an
alternate path resulting in RAP, thereafter part of the pa-
tients subsequently develop to CP. There are some known
genetic contributors to familial pancreatitis including loss-
of-function mutations of genes which encode the SPINKI1,
CFTR and variants in other genes.” * Whitcomb et al.* have
shown that the gene-environment interactions regarding HP
are very complex by using a genome-wide association study
analysis performed by next-generation sequencing.

2. Genetic risk factors in pancreatitis

The well-known mechanism of pancreatitis is trypsin
premature activation, causing extensive zymogen activa-
tion, followed by pancreatic self-digestion, excessive im-
mune response, and subsequent effects.”” Making use of
candidate gene approaches, alterations in several distinct
genes are associated with the regulation of trypsin in the
pancreas, which is correlated with the pathogenesis of pan-
creatitis. To better understand the role of genetics in pan-
creatitis, we should firstly focus on the normal pancreas
exocrine function, activity and regulation of trypsinogen,
a zymogen precursor to trypsin. Trypsin is a protease pro-
duced and secreted by pancreatic acinar cells and upstream
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duct cells and activates other zymogens in the duodenum
under a physiological state. Premature activation of tryp-
sin could trigger an excessive, uncontrolled inflamma-
tory response in pancreas, as seen in AP.* The two most
common forms in pancreatic trypsinogen are the cationic
(PRSS1) and anionic (PRSS2) forms. In the physiologic
condition, autolysis could prevent from premature or ex-
cessive trypsin activation in pancreatic acinar and ductal
cells. However pathogenic PRSS1 mutations can induce
trypsin prematurely activated or degradation-resistant and
meanwhile upgrades the level of autoactivation of mutant
trypsinogens and trypsin activity within pancreas. s
for PRSS2, pathogenic PRSS2 variants were not identified
in HP or sporadic CP, whereas a variant in the noncoding
region of the PRSSI-PRSS2 locus leads to a remarkably
decrease in PRSS1 expression, mitigating the risk of pan-

8,63,69
Al

creatitis.”*”’ These mutations underline the importance of
trypsinogen in the pathogenesis of pancreatitis.

During the inflammatory response of the pancreas,
SPINKI is significantly elevated to prevent excessive activa-
tion of trypsinogen and pancreatic damage through feed-
back inhibition of trypsin. This is the first line of defense
against premature activation of intracellular trypsin. The
most common p.N34S SPINK1 mutation was first men-
tioned to be correlated with CP in 2000.”" Although the un-
derlying mechanism of CP remains mystery, a meta-analysis
has discovered that the SPINK1 N34S variant could increase
the risk of alcoholic, idiopathic, and tropical CP.”* More-
over, it seems to be essential for patients with heterozygous
SPINKI mutations to be linked to RAP or CP in collaborate
with additional contributing factors related to recurrent ac-
tivation of trypsin (like PRSS1 or CFTR).”*” This suggests
that heterozygous SPINK1 mutations could not increase
susceptibility of pancreatitis directly, but aggravate recurrent
pancreatic injury correlated to the activation of trypsin and
promote the progression of CP.

CFTR, an AMP-regulated anion channel located in
epithelial cell membranes, mediates the secretion of bi-
carbonate-rich juice which is vital for secreting pancreatic
zymogens. The dysfunction of the CFTR gene can make
the acinar cells fail to alkalinize, resulting in zymogens re-
maining in the ducts, where they could become active and
start to digest peripancreatic tissue, thus contributing to
pancreatitis. CFTR mutations can affect the channel activ-
ity or membrane protein levels, and ultimately determine
whether individuals would develop cystic fibrosis diseases
and to what extent. While not only CFTR mutations caus-
ing cystic fibrosis are risk factors for pancreatitis, but those
less penetrant CFTR alleles namely non-cystic fibrosis-
causing variants, may also augment the risk of pancreatitis.
Previous researches in different countries have indicated

that individuals with idiopathic CP had higher rate of a
CFTR mutation than the control group.”*”*

Although the pathogenic role of PRSS1, SPINKI, and
CFTR variants in pancreatitis is more widely known, a few
uncommon genes also contribute to this process. These
genes include calcium-sensing receptor (CASR), chymo-
trypsin C (CTRC), carboxypeptidase Al (CPA1), and clau-
din-2 (CLDN2) gene, which are considered disease modi-
fiers rather than disease initiators (Table 2, Fig. 2).”

3. Genetic predisposition to alcoholic/HTG
pancreatitis

Although genetic etiology accounts for around 25% of
all cases of CP, it should be highlighted that about 40% of
cases are thought to be idiopathic.”” The most common
etiology of pancreatitis is still biliary disease, hypertriglyc-
eridemia (HTG) and alcoholism.* There have not been
observed that genetic factors are involved in bile duct ob-
struction, pancreatic divisum, or the dysfunction of Oddi
sphincter. The emergence of alcohol-related CP is often
clustered in families, and this would further indicate a
genetic predisposition.” Epidemiological studies have un-
expectedly found that only a small ratio of heavy drinkers
(less than 3%) would develop CP, but the risk of alcoholic
pancreatitis is low when smoking is adjusted in regression
analysis.”* Moreover, a threshold of more than five drinks
a day (1 drink=4 g of alcohol) or 35 drinks a week must
be achieved before the risk of pancreatitis significantly
increase.” These observations suggest that alcohol con-
sumption is stronger modifier factor than a susceptibility
factor, especially with smoking® and CLDN risk variants.”
The CLDN2 gene, encoding claudin-2, is expressed at low
levels in pancreatic ducts as a tight junction protein. This
high-risk gene variant triggers alcohol-related CP in men
whose probability are greater compared with women with
a high-risk locus near CLDN2 on the X chromosome cor-
related to pancreatitis.***>*
of this risk locus need to be clarified.

Like alcohol-induced CP, only a small ratio of patients
with HTG develop pancreatitis, which has inclined us to
investigate genetic susceptibility factors.”” HTG-induced
pancreatitis attacks typically from one or more second-
ary causes, such as medications, diabetes, alcoholism,
pregnancy, in patients with potentially common genetic
abnormalities of lipoprotein metabolism. Common vari-
ants in genes such as APOA5 (encoding apo A5), GCKR
(encoding glucokinase regulatory protein), LPL (encoding
lipoprotein lipase) and APOB (encoding apo B), associated
with lipoprotein metabolism, can lead to a rise in serum
triglyceridemia to the extent of incurring pancreatitis.”® A
detailed process of triglyceridemia metabolism can refer

Further mechanisms of action
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Recurrent acute pancreatitis

Chronic pancreatitis
Chronic pancreatitis
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y
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| Duct cell

Disease modifier

tion and increases risk of trypsinogen activation

Lost control of pancreatic juice calcium concentra-
and stabilization of trypsin

CASR (R990G)

Felderbauer et al. (2003)**

CASR/SPINKT1
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Fig. 2. Genetic susceptibility factors related to the trypsin pathways
to pancreatitis. A summary of genetic factors that contribute to the
pathogenesis of pancreatitis.

AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic
pancreatitis; PRSS1, serine protease 1; PRSS2, serine protease 2;
SPINK1, serine peptidase inhibitor Kazal type 1; CFTR, cystic fibro-
sis transmembrane conductance regulator; CTRC, chymotrypsin C;
CASR, calcium-sensing receptor.

to elsewhere (see review).” Focused on genetic factors to
HTG pancreatitis, Chang et al.” assessed the frequency of
mutations in PRSS1, SPINK1, CFTR, and tumor necrosis
factor superfamily member 2 (TNF2) genes in 126 HTG
patients including 46 patients with hyperlipidemic pancre-
atitis (HLP) and 80 patients without HLP. The frequency
of CFTR (M470V) and TNF (863A) mutations in HLP
patients was significantly higher than patients with HTG
alone, which showed that CFTR mutation and TNF pro-
moter polymorphism probably involved in the develop-
ment of HLP in HTG patients. In another study, a cohort
of patients with severe, intractable HTG (triglyceride level
above 2,000 mg/dL) with and without AP, AP group were
significantly younger with higher fasting glucose and lower
high-density lipoprotein cholesterol, indicating a stron-
ger genetic background for HTG in this group.” More
researches are necessary to investigate the role of genetic
factors in increasing the risk of pancreatitis in patients suf-
fered from severe/critically severe HTG.

ASSOCIATION BETWEEN GUT MICROBIOTA

AND GENETIC VARIATIONS IN THE
PATHOGENESIS OF PANCREATITIS

The causation between microbiota and host genetics
remains to be elucidated, since our knowledge of the host
side is limited and recognition of which bacterial genes are
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implementing the crosstalk with the host is poorer.” What
we have already known is that the gut microbiota diversity,
structure, and composition are associated with host genetic
variations.””” These associations are specifically motivated
by host genetic variation in immunity-related pathways.”
Meanwhile, one report demonstrates that genetic risk for
developing type 1 diabetes autoimmunity is linked with
significant changes in the gut microbiota,” which is a man-
ifestation of interaction between gut microbiota and host
genetic factors in pancreas disorders. As for pancreatitis,
another study reported that children with CP who carry
different genetic variations concerned with abnormal acti-
vation of trypsinogen and secretions in the pancreatic duct
present different abundances of gut microbiota genera.'”
Their findings support that disordered gut microbiota may
affect host gene expression and then disturbing normal
physiology function and contributing to the development
of disease. On basis of above evidence, we can raise the
hypothesis that the pathogenesis of pancreatitis might be
influenced by the interactions of both genetic and micro-
bial factors. However, the in-depth mechanism needs to be
further investigated.

CONCLUSIONS

Growing evidence regarding the role of gut microbiota
and genetic variations in pathophysiologic mechanism
of pancreatitis has provided us with new insights into AP
and CP. We now know that pancreatitis is not only a dys-
function of acinar cells, but a multi-factorial complicated
pancreatic disorder involving gut microbiota, host im-
mune system, environmental factors, and genetic causes.
Although mechanistic understanding of these two rare
factors is limited, it is clear that continued advances in
bacteria-related function and genomic technologies would
act as novel therapeutic interventions for pancreatitis in
the near future.
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